years have passed since two chemists working • 
at the University of Utah announced a startling result: 7 
they had built a simple, room-temperature laboratory 
device that generated more energy in the form of heat 
than was fed into it as electricity. The researchers — Stan- 
ley Pons of the University of Utah and Martin Fleis- 
chmflrm of the University of Southampton in England- 
attributed this heat to a nuclear fusion reaction. 

The claim ignited a scientific controversy not seen 
for a hundred years. Fusion had been known to occur 
only in stars and thermonuclear bombs; attempts to 
harness it for energy had been limited to systems that 
heat hydrogen fuel to extremely high temperatures using 
complex and expensive equipment. 

Fusion requires the joining together of two atomic 
nuclei, both of which have a positive electric charge and 
so repel each other strongly. Scientists had thought that 
only by making the nuclei extremely energetic could 
they overcome this electrostatic repulsion, sometimes 
called the "coulombic barrier" (a coulomb is a unit of 
electrical charge). "Hot fusion" does this by ripping the 
"electrons off atoms of the two heavy forms of hydro- 
gen — deuterium and tritium — at very high temperature, 
thereby creating a-cloud of ions, or plasma, fiuge mag- 
nets generate- fields that hold the plasma together long 
enough for some of the nuclei to crash into each other 
and fuse. This fusion reaction creates tritium and helium 
nuclei, as well as a shower of neutrons and gamma radi- 
ation. 

But despite decades of work and great expense, hot 
fusion has yet to produce more energy than needed to 
heat the fuel and power the magnets. So the notion that 
a tabletop apparatus at room temperature could pro- 
duce significant amounts of fusion energy raised hopes 
among many people for a more easily realizable energy 
source. 

Pons and Fleischmann's experiment — the basic 
model for much of what has been done since — is based 
on electrolysis. An electrode pair consisting of a strip of 
palladium surrounded by a coil of platinum wire is 
immersed in a container of "heavy water" — that is, 
water in which deuterium takes the place of ordinary 
hydrogen. (Deuterium is a commonly occurring form 
of hydrogen that has one neutron in its nucleus in addi- 
tion to the one proton that all forms of hydrogen have. 
Deuterium atoms undergo fusion reactions; ordinary 
hydrogen atoms do not.) A salt, typically lithium deuter- 
hydroxide, is dissolved in the heavy water to make it 
more conductive. When a voltage is applied to the elec- 
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trodes, an electrical current flows through the liquid and 
causes the heavy water to decompose into its constituent 
atoms: deuterium migrates to and dissolves in the pal- 
ladium electrode and oxygen is released as a gas at the 
platinum electrode. As deuterium builds up in the pal- 
ladium, it supposedly undergoes the fusion reaction. The 
palladium's atomic lattice captures the energy released 
by the reaction and the metal heats up. 

Heat is not the only evidence for cold fusion. Many 
experiments have also produced tritium (the radioac- 
tive isotope of hydrogen, with two neutrons along with 
the lone proton that all hydrogen has) and helium; both 
tritium and helium are known to be produced only by 
nuclear reactions. Researchers have also detected neu- 
trons with the 2.54-megaelectron-volt (MeV) energy 
level characteristic of die neutrons produced by the 
fusion of two deuterium nuclei, as well as neutrons with 
other unexpected energies. 

In the wake of Pons and Fleischmann's report, 
dozens of laboratories around the world eagerly tried to 
duplicate the results. Most failed, and scientists and 
the general public grew skeptical. But the significance of 
these negative results, especially by certain well-known 
institutioi such as Caltech and MIT in the United 
States and Harwell in Britain, has been exaggerated. 

In some cases, the conditidgs those studies used are 
now known to prevent the cold fusion effect. MIT 
researchers, for example, used an experimental appara- 
tus that was open to the humid Massachusetts air and 
therefore subject to contamination by ordinary wateii 
which has since been found to inhibit the cold fusion 
effect. Also, early experimenters used commercially 
available palladium without regard for its condition; it is 
now known that most off-the-shelf palladium samples 
do not meet the special conditions required for cold 
fusion. Some labs also used inappropriate equipment 
to look for heat. Experimenters at both Caltech and 
Harwell, for example, used heat-measuring techniques 
that have since been shown to be insensitive to small 
amounts of excess energy. Moreover on the few occa- 
sions that the MTT and Harwell labs did observe a small 
amount of excess heat, the researchers attributed the 
readings to experimental error and ignored them. 

If the validity of the effect rested only on results 
reported during the first year after the initial claims by 
Pons and Fleischmann, this strange diversion from rou- 
tine science would have joined "n-rays," polywater, and 
other excesses of the imagination. But enough reputable 
researchers have now published findings, produced 
from a broad enough range of experimental 
approaches, that it has become difficult to doubt that 
something is going on outside the explanations offered 
by conventional physics. 

What is happening might be fusion; it might not 
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be. But to dismiss the claims as the result of experimen- 
tal error or fraud is no longer appropriate. Regardless of 
admitted conflict with accepted theory, these results 
strongly support the conclusion that a new class of phe- . 
nomena, which I call chemically assisted nuclear reac- 
tions, has been discovered. Given the enormous scien- 
tific and economic importance of this work if it turns 
out to be valid, it is prudent to examine the data with an 
open mind. 

Accumulating Evidence: Tritium 

Many cold fusion experiments have produced tritium 
(the radioactive isotope of hydrogen) and helium, both 
of which can be produced only by nuclear reactions. A 
group at Texas A&M University, for example, has pro- 
duced in electrolytic cells quantities of tritium about one 
thousand times those found in normal heavy water. 
Heat is sometimes detected during the production of tri- 
tium and neutrons; sometimes it is not. The Bhabha 
Atomic Research Centre (BARC) in Bombay, India, has 
produced tritium at several thousand times background 
levels, using a variety of electrode materials, including 
alloys of palladium and titanium. 

At the Los Alamos National Laboratory, Thomas 
Claytor and Dale Tuggle have produced tritium in vari- 
ous ways. In one method, they applied a voltage to a 
deuterium-filled cell containing alternating electrodes of 
palladium and silicon. The electric discharge between 
the electrodes has repeatedly generated 20 billion atoms 
of tritium per hour. More recently, the Los Alamos 
group has obtained even higher production rates by 
sending pulses of current through the palladium rather 
than applying a voltage through the gas. Apparently, 
one key may be to induce a sudden change in tempera- 
ture. The amount of tritium in the materials was mea- 
sured before each study was begun, each system was 
completely sealed from the environment, and tritium 
production was monitored continuously during the 
studies. 

Some skeptics contend that the tritium found in 
these experiments either is in the palladium to begin 
with or enters the cell from the environment. Closer 
examination of the results shows that this is improba- 
ble. In the Texas A&M work, for example, turbulence 
from vibration or the addition of heavy water caused 
tritium production to stop temporarily — an effect that 
is inconsistent with contamination. 

My own studies of the behavior of dis- 
solved tritium in palladium cast further doubt 
on the likelihood that tritium is present in the 
metal to begin with. I have found that during 
normal electrolysis, almost all the dissolved tri- 
tium (more than 99 percent) leaves the metal as 
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a gas; very little tritium initially present in the palladium 
appears in the electrolyte solution, which is where the 
"anomalous" tritium is being found in the cold fusion 
experiments. Furthermore, the tritium begins to leave the 
platinum electrode immediately after electrolysis begins, 
and one-half is gone between 12 and 24 hours later. 
Anomalous tritium, on the other hand, takes many days 
to appear and the appearance is sudden. 

What about environmental contamination? Tritium 



worldwide make this assertion an unlikely explanation 
of all results. 

While the presence of tritium provides evidence that 
a nuclear reaction is occurring, it also raises questions. 
According to conventional understanding, the fusion of 
two deuterium nuclei should produce significant 
amounts of gamma radiation as well as neutrons and 
tritium. But in cold fusion work, gamma radiation, if 
detected at all, occurs at very low levels. And tritium and 




the proper procedures now routine^ 





. is rare but not absent in the normal environment. Stud- 
ies at Los Alamos show that if tritium does enter a cell 
from the environment, it begins to accumulate immedi- 
ately and at a roughly constant rate. But anomalous 
production of tritium starts only after many hours of 
electrolysis and frequently occurs in bursts. In some 
cases, the amounts produced are so large that if the tri- 
tium had originated in the environment, the required 
concentrations would pose a health hazard and be eas- 
ily detected by laboratory monitoring systems. High 
tritium concentrations do occur occasionally in some 
areas of laboratories. But such "hot spots" typically 
occur in places— unlike the sealed cell of a typical cold 
fusion experiment — where environmental tritium can 
easily concentrate. 

A third possibility, raised most prominently by jour- 
nalist Gary Taubes, is that proponents of cold fusion 
have deliberately added tritium to the cells, actions that 
would of course constitute scientific fraud. But numer- 
ous positive results reported at many laboratories 



neutrons are found in the wrong amounts and with the 
wrong energies. 

When tritium is produced in conventional fusion, 
for example, it normally has enough energy to fuse with 
any deuterium nuclei that might be present. This reac- 
tion produces neutrons with a characteristic energy of 
14 MeV, as well as high-energy helium-3 nuclei. (In 
helium-3, two protons in the nucleus are accompanied 
by one neutron instead of the two neutrons found in 
the more common helium-4.) The absence of 14-MeV 
neutrons and helium-3 when tritium is produced by the 
cold fusion effect shows that the tritium is born with- 
out enough energy to fuse with deuterium. Where does 
the energy released from the nuclear reaction go, then, if 
not into neutrons or tritium? Energy apparently trans- 
fers directly from the nuclear reaction to the atomic lat- 
tice of the metal where it is manifest as heat. This effect, 
which is at odds with current theory, has never before 
been observed. 

Tritium detection also provides evidence that 
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nuclear reactions other than fusion can occur in the 
environment of a cold fusion cell. Researchers at Bhaba, 
for example, recently reported producing tritium in a 
cell containing not heavy water but rather normal 
water; in which was dissolved either lithium carbonate 
or potassium carbonate. The ordinary hydrogen nuclei 
(that is, naked protons) that make up normal water do 
not fuse with one another even under w hot fusion" con- 
ditions. The tritium in these experiments is therefore 

most likely to originate in 
nuclear reactions between 
protons and the dissolved 
lithium or potassium nuclei. 

Accumulating 
Evidence: Excess Heat 

A variety of experimental 
designs continue to produce 
heat output exceeding the 
electrical input. Several stud- 
ies have produced excess 
energy thousands of times 
larger than any known-chem- 
ical (that is, non-nuclear) 
reaction could produce. In 
some experiments, the power 
"density," in watts per cubic 
centimeter of palladium, 
exceeds those found in ura- 
nium-fueled nuclear fission 
reactors. 

Excess heat in the exper- 
iments by Pons and Fleis- 
chmann, who have continued their work in France with 
support from the Japanese company Technova, has 
readied levels that cause water in the electrolytic cells 
to boil. These scientists claim that when they applied 
37.5 watts to a cell as electric power, it produced 144 
watts of excess power as heat — enough to raise the tem- 
perature of the palladium electrode to several hundred 
degrees. And the cells have produced excess energy at a 
comparable level for many hours after the applied 
power is turned off. No oxygen is allowed into the cells 
during this time, ruling out the possibility that the 
energy results from the reaction of deuterium with oxy- 
gen—that is, ordinary chemical combustion. 

Dozens of examples reporting such excess energy 
have now been published. Francesco Celani at Italy's 
Frascati National Laboratory has reported producing 
heat levels that exceed electrical energy input by as 
much as 7.5 percent for many weeks, with bursts to 25 
percent. Akito Takahashi of Osaka University measured 
up to 130 watts of excess power (an average of 70 per- 




cent) using special palladium produced by Tanaka Met- 
als. The excess heat increased over several months, and 
the cells also produced a small amount of tritium and 
neutrons. In my own attempts to replicate the Osaka 
experiments, using the same palladium source, I pro- 
duced 7.5 watts — 20 percent more power than I put 
into the cell. 

An inability to replicate results continues to frus- 
trate many cold fusion researchers (and bolster skeptics' 
disbelief that the phenomenon is real). Bor Liaw and 
colleagues at the University of Hawaii, for example, 
produced up to 1,500 percent excess energy using a 
molten salt electrolyte. Because the lithium-potassium- 
chloride electrolyte is at 400 degrees C, this energy 
could be more useful than that generated in a heavy- 
water cell. However; Liaw has been unable to duplicate 
this one tantalizing experiment. 

Critics of cold fusion work have questioned the 
validity of such measurements. Some maintain that 
because the water in the cells is not stirred, tempera- 
ture gradients could account for the unusual readings. 
In fact, active stirring is not necessary: as long as enough 
current is applied to the cell, the gas that bubbes out 
of the water does the mixing. Nevertheless, recent stud- 
ies have corrected for this posiiMe source of error by 
actively stirring the cells or by using a type of heac-mea- 
suring system— that is, a calorimeter — that temperature 
gradients do not affect. 

Another charge concerns a lack of control studies. 
Such studies would, for example, replace the cell's heavy 
water with normal water or replace the palladium with 
platinum. Because it is extremely unlikely that the 
hydrogen in ordinary water would undergo fusion, any 
anomalous heat from a normal-water cell would sug- 
gest that the effect has some other, less spectacular 
source — such as experimental error or a chemical (that 
is, non-nuclear) process. 

But many such control studies have now been car- 
ried out, and no one so far has claimed excess heat in a 
palladium/normal-water or a platinum/heavy-water 
cell. Skeptics have complained, however, that these con- 
trol studies run for too brief a time, since the active cold 
fusion cells run for months. To rule out the possibility 
that the anomalous results arise from random error, 
these critics say, the controls should run for the same 
duration. This presents a problem: to address such con- 
cerns, researchers would have to devote a sig- 
nificant fraction of time and funding to 
waiting for possible errors to show up 
rather than to understanding the 
nature of the effect. As a compromise, 
experimenters run control cells for a 
shorter time and take great pains to 
make the calorimeters stable. 
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The demand for long-term control cells reflects 
^results from the early cold fusion experiments, which 
* produced heat or nuclear products in occasional 

bursts. More recent work has achieved steady output. 

Once a cell turns on, it typically stays on for many 

days. 

Skeptics who accept the data on excess heat never- 
theless assert that it originates not from any nuclear 
process but from some hitherto unknown chemical reac- 
tion. But no evidence from any study has been reported 
to support various speculated chemical sources. If a 
novel chemical reaction is the source of this poweii sig- * 
nificant quantities of some chemical product must be 
present in the cell, yet no such products have been 
observed. Moreover many distinct and novel chemical 
reactions would be required to explain the excess-heat 
observations in a the variety of chemical environments 
that have now been studied. 

One reason that cold fusion has been so difficult to 
accept is that the experiments are so hard to replicate. 
Many experienced researchers, attempting to follow 
exactly the methods described in published studies, 
have, un il recendy, producedrlitde or no evidence for a 
nuclear i taction. But scientists are starting to solve the 
puzzle of why some cells work and some do not. 

An important requirement for producing heat, for 
example, now appears to be palladium largely free of 
microscopic cracks. Deuterium apparently escapes 
from any cracks too fast for a critical concentration 
to build up. Michael McKubre and co-workers at SRI 
International, as well as researchers at several other 
laboratories, have shown that the larger the ratio of 
deuterium to palladium in the electrode, the greater the 
heat. 

The presence of surface impurities is also impor- 
tant to produce the required deuterium content. McK- 
ubre's first experiments, which were successful, used 
pyrex containers for the cell. When he changed to 
Teflon, the cell did not work. Further investigation 
revealed the apparent reason: aluminum and silicon 
atoms from the pyrex migrated to the palladium sur- 
face and allowed the deuterium to build up to higher 
concentrations. 

McKubre's studies also identified another criterion 
for producing excess heat. His work, which have now 
been supported by at least four other laborato- 
^^1^^ ries, indicates that the electrical current 
^^^^^^l entering the cell must exceed a threshold 
^^^^^^L of at least 150 milliamperes per square 
^^^^^^^B centimeter of palladium. For experi- 
^^^^^^H merits using large pieces of palladium, 
^^^^^^V this can mean a very large overall cur- 
^^^^^^^ rent. Many experimenters have failed to 
^^^^^^ produce anomalous effects because they 



have not applied enough current to their cells. 

Several experiments have shown that the nature and 
timing of the electrical input to a cell significantly affects 
the chances of its success. Heat is more likely to be pro- 
duced when die electrical current is repeatedly "ramped" 
from a high to lower level or briefly pulsed to high values. 
Applying certain microwave frequencies is also benefi- 
cial. Moreover for reasons still unknown, electrolysis 
must continue for several days before the cell "turns on" 
and begins to generate excess 

heat. Many of the early ■■■■■^■I^HII 
efforts to reproduce the effect ^^^^^^^^^^^H 
failed at least partly because ^^^^^^^^^^^^H 
the researchers did not stick ^^^^^^^^^^^^H 
with them enough. ^^^^^^^^^^^H 
Experiments that use crack- ^^^^^^^^^^^^H 
free palladium and follow the ^^^^^^^^^^^^^H 
proper procedures now rou- ^^^^^^^^^^^H 
tinely result excess heat, 
nuclear products, or both. 

Heat be ^^^^^^^^^^^H 

from nuclear reactions other 

than fusion, as well. At least ^^^^^^^^^^^^H 
10 different laboratories ^^^^^^^^^^^H 
have measured significant ^^^^^^^^^^^H 
excess energy coming from ^^^^^^^^^^^^H 

light-water cells using nickel, '^^^^^^^^^^^H 
rather than paladium, as the ' ^^^^^^^^^^^H 
cathode, and in which is dis- ^^^^^^^^^^^^H 
solved a carbonate of one of ^^^^^^^^^^^^H 
the so-called alkali metals ■ ' ^^^^^^^^^^^^H 
(lithium, sodium, potassium, ^^^^^^^^^^^H 
or rubidium). Experiments ^^^^^^^^^^^H 
by Robert Bush and Robert ^^^^^^^^^^^H 
Eagleton at California Poly- ^^^^^^^^^^^^^ 
technical University and by 

Reiko Notoya at Hokkaido University in Japan suggest 
that this heat arises from a transmutation reaction: a 
proton enters the nucleus of the dissolved metal to give 
the next higher element in the periodic table. Potassium, 
for example, is proposed to take up a proton to pro- 
duce calcium, and rubidium is similarly transformed 
into strontium. Researchers have detected calcium and 
strontium at levels that suggest this transmutation is 
occurring. 

Accumulating Evidence: Helium 

One of the products of the fusion of two deuterium 
atoms is helium, which with its two protons is the next 
element up on the periodic table. Many experiments 
have produced measurable helium. Hawaii's Liaw, for 
example, found significant helium in the palladium in 
his heat-producing experiments with a molten-salt elec- 
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trolyte. Workers at Texas A&M also detected normal ' 
helium-4 in the palladium after tritium was produced. 
However no effort was made to measure heat during 
this study. Q.E Zhang and colleagues at the University 
of Science and Technology in Chengdu, China, have 
detected helium-4 in titanium rods that produced ; 
excess heat in an electrolytic cell. They saw no helium 
when excess heat was absent, suggesting a link between 
the two.; > . v;.; J--. • ,. ., :v ^ : \ ;: ^^v : \-^ : />-^> :--v' . 



the atmosphere, Miles and Bush repeated the experi- 
ment using steel flasks and obtained similar results while 
also showing that the diffusion rate of helium through 
glass was too small to account for the observed 
amounts. Apparently, most of the generated helium 
resides in the gas, rather than in the electrodes where 
researchers have mainly been looking. 

When helium forms during fusion, two particles are 
condensed into one. The laws of physics require that in 
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: Skeptics have complained that cold-fusion experi- 
ments have produced tod litde helium; if the heat mea- 
sured truly has nuclear origin, they contend, far more 
helium should be detected. The helium found in the 
palladium after the Hawaii experiments, for example, 
while significant, could account for only 10 percent of 
the large amounts of excess energy that this work gen- 
erated. 

Recent work has whittled away at this objection. 
Melvin Miles and Benjamin Bush of the Naval Air War- 
fare Center at China Lake, Calif,, for example, have 
measured helium in the gas emitted by electrolytic cells 
and have measured helium levels 90 percent of those 
needed to account for the measured heat. Since these sci- 
entists found no helium when using normal water in the 
cell instead of deuterium-bearing heavy water, the heat 
appears to be nuclear in origin. When critics suggested 
that the helium entered the glass collection flasks from 



any interaction between particles, momentum (the 
product of mass and velocity) must be conserved. In hot 
fusion, a 24-MeV" gamma ray is emitted to satisfy this 
conservation requirement. No gamma rays with this 
energy are observed in cold fusion. 

The most probable reason, I believe, is that the 
material has transformed into a special condition that 
enables the atomic lattice to absorb most of the nuclear 
energy being generated. If we assume that the material 
in this condition has a similar ability to absorb nuclear 
radiation applied from outside, a straightforward exper- 
iment could test this hypothesis. One could irradiate 
the material with gamma radiation, which easily pene- 
trates ordinary palladium. When this special condition 
exists, the material should block some of the gamma 
rays; the portion of gamma radiation absorbed should 
correspond to the amount of the material that has 
switched to the fusion-enabling condition. 



Evidence for this special condition does exist. Exper- 
iments by Yan Kucherov and co-workers at Russia's 
Scientific Industrial Association (LUCH) in Podolsk pro- 
duced an electrical discharge in low-pressure deuterium, 
using palladium as one of the electrodes. Heat was 
accompanied by an unusual form of gamma radiation. 
Gamma rays ordinarily fan out in all directions from 
their source. In this case, the radiation emerged from the 
palladium in tightly focused beams. Such beams sug- 
gest the existence within the metal of reflection planes 
with much closer spacing than normally exist in the 
atomic lattice. Such planes might be owing to an 
unusual, tightly bound electron structure. 

Much of the evidence for cold fusion has come from 
techniques alien to nuclear physics, such as electrolysis 
and the precise, measurement of heat. But in the past sev- 
eral years, researchers have been producing cold fusion 
results using the tools of nuclear physics, such as high- 
energy ion beams. 

Toshiyuki Iida and co-workers at Osaka University, 
for example, bombarded palladium and titanium sam- 
ples with energetic deuterium nuclei. During this bom- 
bardment, the cell emitted a variety of -ions with ener- 
gies consistent with conventional fusion hetweeri-two 
deuterium nuclei. This was in itself unremarkable, and 
could be explained as "hot" fusion, as high-energy 
deuterons in the beam slammed into those that had 
already taken up residence in the metal. But defying 
expectations, emission of energetic ions continued from 
the palladium target for many hours after the implanta- 
tion beam was turned off. The Osaka group also 
detected high-energy helium nuclei. Such observations 
suggest that fusion— cold fusion — continues in the mate- 
rial even without the presence of a high-energy beam. 

A trail of evidence for cold fusion comes from work 
by Jirohta Kasagi and co-workers at Tohoku University 
in Japan. Kasagi bombarded titanium deuteride with 
150-kiloelectron-volt deuterons. When the deuterium 
content of the titanium deuteride was high enough, the 
experiment produced protons with energies up to 17.5 
Me V. These energetic protons are thought to result from 
the fusion of deuterium and helium-3. It is the helium-3 
that provides evidence for cold fusion. 

In theory, helium-3 could arise in two ways. One is 
from the "hot" fusion of the energetic deuterium nuclei 
with the deuterium contained in the metal. But the 
helium-3 is found in isolated pockets within the tita- 
nium, which is inconsistent with this explanation. If the 
helium were formed in hot fusion, it is unlikely to diffuse 
through the material, as is required for the build-up in 
pockets. More likely is that the helium-3 is a product of 
the radioactive decay of tritium, which was produced 
within the metal in a cold fusion process. The tritium 
thus formed could, unlike helium, easily migrate 
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through the material and accumulate in pockets, where 
it would decay into helium-3. (Hydrogen is well known 
to accumulate in regions of high stress within a metal.) 

Attempting an Explanation 

Many aspects of the cold fusion effect are now repro- 
ducible if known procedures are used. Palladium, when 
reacted with enough deuterium, apparendy converts to 
a special condition of matter in which various nuclear 
reactions— including deuterium-deuterium fusion — can 
occur despite the repulsive force of the two positively 
charged nuclei. These reactions can be made to pro- 
ceed rapidly enough to produce measurable heat. 
But any explanation for the cold-fusion phenomenon 

■ must answer some fundamental questions. What is the 
mechanism that allows positively charged atomic nuclei 

! to overcome the coulombic barrier and join together? 
How is the significant energy unleashed by a nuclear reac- 
tion transferred direcdy to a material, instead of departing 
the scene in the form of energetic particles and radiation? 
Finally, why does cold fusion occur when a material is in 
a specikl condition of matter akin to the state of super- 
conductivity that some materials enter arlow tempera- 
tures? What is this special condition that occurs in palla- 
dium and some other materials when they are infused 
with high concentrations of deuterium? 

Scientists have published several dozen models, 
ranging from highly analytical approaches to pictorial 
representations, to explain these events. Most theories 
address only the problem of overcoming the coulombic 
barrier — how it is possible for nuclei to overcome their 
natural repulsion for each other without an infusion of 
massive amounts of energy from the outside. A sam- 
pling follows: 

oNeUTRON transfer. According to this theory, the 
nuclear reactions that occur are not fusion but rather 
involve the transfer of a neutron from one nucleus to 
another. Neutrons have no charge and can therefore 
enter a nucleus and initiate a reaction without having 
to acquire enough energy to overcome a barrier. While 
this approach removes the coulombic barrier problem, 
it cannot explain all the nuclear reactions that appear 
to have taken place in various experiments. Further- 
more, it raises the question of why so few neutrons are 
seen leaving the material; if even a small fraction of the 
neutrons leaving one nucleus are not captured by 
another nucleus, a great many neutrons should emanate 
from the material. 

OSCREENING OF THE NUCLEAR CHARGE BY ELECTRONS. 
The high concentration of negatively charged electrons 
in a metal might partially offset the positive nuclear 
charge. However, electrons in materials ordinarily do 



not have enough energy to completely mask the nuclear 
charge. Therefore, unless the electrons can achieve 
much higher energy states than are presendy known, 
this is unlikely to be the only process. 
oResonance. Some nuclear processes are known to 
occur when the reactants have an energy level that 
matches a characteristic value, known as a resonance. 
Such resonance levels may be far below the energy ordi- 
narily required to initiate the reaction. Among a krge 
number of deuterium nuclei at room temperature, then, 
a few might possess such a resonant energy, permitting 
them to undergo reactions that would seem to be off- 
limits. While appealing, this theory falters on lack of evi- 
dence; physicists have never detected such a low-energy 
resonance for deuterium-deuterium fusion. Also, if such 
a resonance does exist; it must operate only in the spe- 
cial environment created by cold fusion cells. Otherwise, 
fusion would occur all the time. 
oHidden HIGH VOLTAGES. According to this theory, 
cracks in the material generate a large voltage that accel- 
erates deuterium ions briefly to energies that can produce 
normal "hot" fusion. The problem with this explanation 
is that the radiation detected from cold fusion is different 
from that known to be generated in hot fusion. Also, 
while this process might partly account for fusion, it 
does not explain the other nuclear reactions. 

OFUSION INVOLVING MORE THAN TWO DEUTERONS. This 

proposal is consistent with the observed need for a high 
deuterium concentration in the metal, and with the 
observed energy of some emitted nuclear products. 
However; it cannot explain the other nuclear reactions 
nor all of the observed energies. Also, this theory says 
nothing about how such muitinucleus fusion reactions 
might be initiated; in particular; the puzzle of how the 
coulombic barrier is overcome remains. 
oUnusual TUNNELING PROCESSES. Conventional nuclear 
theory recognizes processes that allow a small fraction 
of charged particles to "tunnel" through the coulombic 
barrier: Tunneling is a logical consequence of the quan- 
tum-mechanical principle that it is impossible to know a 
particle's location and momentum simultaneously. 
However^ according to our understanding of this phe- 
nomenon, while low-energy nuclei may tunnel through 
the barrier at a rate to account for the observed neu- 
trons, the rate would be too slow to account for tritium 
or heat. 

OA NOVEL CHEMICAL EFFECT, Randell Mills, of Hydro- 
Catalysis Power in Lancaster, Pa., has proposed that 
excess heat results neither from nuclear fusion nor from 
a conventional chemical reaction but rather when the 
electrons in hydrogen drop to a lower energy state than 
has been previously thought as it forms a two-hydro- 
gen "dihydrino" molecule. This theory offers a possi- 
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ble explanation for some of the excess heat that several 
labs have detected in nickel/light-water cells. But the 
explanation cannot account for any of the nuclear prod- 
ucts (neutrons, tritium, and helium) that often accom- 
pany heat in heavy-water cells. Moreover studies using 
sealed calorimeters have failed to observe the expected 
pressure increase that would result from the buildup of 
the hypothesized dihydrino gas. : 

OA NEW MODEL OF NUCLEAR STRUCTURE. Maybe Our 
current understanding of the nucleus is wrong, or at 
least incomplete. An explanation bf cold fusion might 



essential requirement if the effect is to be used to pro- 
duce energy on an industrial scale. 

Is Science Dropping the Ball? 

Early investigations of all new phenomena tend to be 
incomplete, prone to error; and difficult to reproduce. 
Further scientific investigations require money; the more 
complex the phenomenon, the more money is required. 
But dollars tend to flow toward research with a clear 
chance of success. Thus many potentially important 
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then invoke new nuclear particles or new types of 
nuclear interactions. 

Theoreticians are nowhere near a consensus on 
which of these explanations are most likely to contribute 
to our ultimate understanding of the phenomenon. 
None of the proposed explanations accounts for the 
full range of experimental observations. Many of the 
theories do not offer predictions that can be quantita- 
tively checked. 

Nevertheless, a workable theory is crucial if we ever 
hope to apply cold fusion. It will be important to 
develop an understanding of the special condition of 
matter in which these nuclear reactions occur. For 
example, what is the crystal structure of the material 
when it is in this phase? What other characteristics will 
it exhibit? How can it be created and then modified to 
trigger a variety of nuclear reactions? Such questions 
will need to be answered before the phenomenon can be 
made to occur reproducibly and at high levels — an 



ideas never receive enough funding to enable scientists to 
understand them. 

To a large extent, this is the case with cold fusion. 
Skeptics maintain that the effect is not real and that 
funds should therefore not be wasted on studying it. 
Rather than invest a little money on the possibility that 
they might be wrong, skeptics actively try to turn off 
support. The U.S. Department of Energy is not funding 
research on cold fusion, noi; for the most part, are other 
federal agencies. The patent office has stopped issuing 
patents related to this field. Fortunately, a few imagina- 
tive and courageous organizations are backing U.S. cold 
fusion work — most conspicuously the Electric Power 
Research Institute and, more recently, ENECO, a com- 
pany based in Salt Lake City that has begun to fund 
research at a number of labs. ENECO has also invested 
heavily in buying up rights to the cold fusion patents 
that do exist. 

The advance of scientific knowledge rests on the 
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idea that before work is judged valid 
it must be evaluated by, and repro- 
duced by, other scientists. While 
these procedures have kept science 
from making too many mistakes, 
they can also stifle new ideas. It is 
now virtually impossible to publish 
positive cold fusion results in certain 
journals because the editors or their 
chosen peer reviewers are convinced 
that the effect is bogus. This creates 
a catch-22: the journals will not 
accept papers until more 
papers published in such jour- 
nals show evidence for the 
effect. -VV 

• The cold fusion effect is one 
of the most intriguing scientific 
puzzles of this century. Its ulti- 
mate practicality is still open to 
question, but practical worth 
does not always follow immedi- 
ately upon discovery of a scien- 
tific phenomenon. Supercon- 
ductivity, for example, was first 
observed in 1911 and lan- 
guished as an unexplained labo- 
ratory curiosity for most of this 
century; today we have mag- 
netic resonance imaging sys- 
tems that rely on superconduct- 
ing magnets. Einstein predicted 
the basic principle of a laser 
before 1920; decades later, we 
have . supermarket checkout 
scanners, compact discs, and fiber- 
optic communications. 

The comparison of cold fusion 
with these technologies is not exact. 
The theory of lasers was well 
accepted for decades before anyone 
figured out how to build one. Super- 
conducting effects were consistently 
observed in the lab for decades 
before physicists were able to explain 
it. So far, cold fusion falls short on 
both fronts: experimental evidence 
is difficult to replicate and a theoret- 
ical underpinning is absent. It is up to 
scientists of all disciplines to perform 
the experiments and devise the theo- 
ries that will transform cold fusion 
from laboratory scale phenomenon 
into something of lasting value. ■ 
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ERRATA 

Due to problems with our collator, some copies of 
Fusion Facts for July 1992 were sent without pages 
5 & 6. We have enclosed an extra page 5 & 6, in 
case your copy was defective. Our apologies. 



A. COLD FUSION ATTRACTING INVESTORS 

Shortly after the University of Utah, announcement of the 
discovery of cold fusion (by Professors Pons and 
Fleischmann, March 23, 1989), Hal Fox confidently 
predicted it would take only two years to commercialize. 
The professors and Fox both have been critized. 
However, Pons and Fleischmann were right (cold fusion 
is real), Hal Fox was wrong (commercialization is taking 
longer). 

Sometime later. Fusion Facts defined that 300% excess 
heat is a suitable measure for a device to have commercial 
poten iaL The rationale is: high-cost electrical energy is 
being supplied and lower-cost heat energy is being 
generated. The ratio of qpgt is about three to one (e.g., 
electric power cost versus natural gas cost) Several 
experimental teams aze obtaining results that are close to 
300% excess heat in both Pd and Ni electrochemical cells. 
Cold fusion, therefore, is finally showing commercial 
potential. In addition, the recent announcement by MTIT 
and the more favorable press reception given to 
Takahashi's work and to its replication (see NEW 
MEXICO, this issue) has generated increased interest in 
the funding of cold fusion projects. 

Since the Pons-Fleischman announcement other key events 
have been: 1) replication by over 200 laboratory groups 
in more than 25 countries; 2) evidence that the nuclear 
reactions produced tritium about a million times more 
than neutrons; 3) demonstration of the importance of a 
high D/Pd loading ratio; 4) discovery of the importance 
of resonance conditions; 5) discovery and replication of 
light-water excess heat experiments; 6) verification of 
effects predicted by models; 7) successes using Pd/Ag 
alloys; 8) determination that 4 He is a nuclear byproduct 
of cold fusion; 9) announcement and international 
replication of the Takahashi experiment; 10) discovery 
of many anomalies that mark cold fusion as a new 
science; and 11) refusal of a few scientists to recognize 
the validity of peer-reviewed, widely-replicated, 
experimental evidence. 
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Til Believe it when I read it in the Wall Street Journal" 
was the comment of a businessman sitting next to me on 
an airplane trip in the U.S. in 1990. In the early days of 
cold fusion, a news release to the Wall Street Journal or to. 
the New York Times and to similar publications would be - 
checked for believability with "friends" at Princeton, 
Harvard, Yale, MTT, Columbia, and sometimes Cal Tech 
and receive a rather negative reception. The fact that 
replication of the early work in cold fusion was not easy 
and that nearly all of the "important" schools had tried 
and failed to reproduce significant positive results led to 
the belief among many scientists that it was a "Utah 
Effect" Positive reports were dismissed as errors or 
delusions. Skeptics refused to read the peer-reviewed 
literature. Therefore, corporations showed little interest 
in cold fusion and none in funding development work. 

Thanks to the continued efforts of many (about 200 - 300) 
dedicated scientists around the world, research work in 
cold fusion continued; professional meetings were held; 
papers were prepared, peer-reviewed, and published; and 
the news gradually spread that cold fusion was real but 
not fully understood. Several valiant editors have 
provided a forum for cold fusion. Chief among these are 
Fusion Technology, 21st Century Science and Technology, 
Nuovo Cimento, the Journal of Electroanalytical Chemirtry, 
and this newsletter. Among, the non-technical press, the 
Wall Street Journal has been fair in its .presentations. 

Serious treatment of the reality of cold fusion began to 
increase shortly after the Second Annual Conference on 
Cold Fusion held in Como, Italy, June-July (1991). The 
replication of both light-water electrochemical cells and of 
the Takahashi experiment during 1992 (and still 
continuing) has spurred a gradually increasing interest in 
cold fusion by sophisticated investors. One of the 
foremost and far-sighted groups has been the Electrical 
Power Research Institute in the United States (an 
estimated $3 million spent). Modest funding of cold 
fusion has been achieved in Spain, Italy, the former 
USSR, India, Taiwan, China, and Japan. In terms of 
international patents filed, Japanese entities have filed 
about one-half of the patent applications. 

In the United States, at least three government energy 
laboratories and another three or four Department of 
Defense laboratories are still doing some work in cold 
fusion. All have published positive results. In terms of 
on-going work in cold fusion in universities in the United 
States, Texas A&M; Cal Poly - Pomona; Univ. of Hawaii; 
and the University of Utah all have some modest funded 
programs. Limited, private research work is being done 
at an estimated six other U.S. universities and colleges. 
In addition, several (an estimated ten) U.S. corporations 
are carrying on with small-scale research and development 
programs. 



At least six funding groups are seriously considering the 
funding of further development of cold fiision. Several 
large corporations are considering funding local university 
groups who have made significant developments in cold 
fusion, a few entrepreneurs are working in the area. A 
few large corporations are funding or planning to fund 
cold fusion research. The Fusion Information Center 
(Salt Lake City, Utah), publishers of Fusion Facts, and 
Fusion Briefings, have had the privilege of helping its 
callers save many thousands of dollars in research funds 
by providing direct linkages between corporate R&D 
managers and research groups who were already working 
in similar fields but not known to those who called the 
Center for information. We are pleased to be able to 
provide this modest service to subscribers involved in the 
development of cold fusion. 

THe Salt Lake City, Ukah based Fusion Information 
Center (HQ win continue to help provide released 
database, information with its subscribers 
efforts to speed the progress of cold fusion. FIC most 
honor the confidences that are from tnne~tc^tinic 
entrusted to us. However, to be forthright with our 
readers and callers, we announce that FIC has a vested 
interest in Fusion Energy Applied Technology [FEAT}, 
Inc. FEAT is a Utah company dedicated to the 
commercialization of cold fusion. 

FIC will do its best to fr&ke recommendations to its 
callers about other companies who are also interested in 
developing cold fusion energy systems. FIC can only 
share information that it receives and is permitted to 
share. If you have any ventures in enhanced energy 
systems, FIC win be pleased to receive such information 
and handle such news as being "for publication" or "for 
verbal referrals only." Fusion Facts is willing to publish 
advertisements from both entrepreneurs and funding 
entities if you will contact our office. 

In summary, the new science of cold fusion is approaching 
that stage at which development of commercial 
applications makes both scientific and commercial sense. 
Regardless of the fact that there are still many scientists 
and engineers who are, as yet, unconvinced of the reality 
of the new science of cold fusion, there are dramatic 
developments that have laid the basis for 
commercialization of this new science. Some of these 
experimental results are still pending publication. As fast 
as we can obtain permission to share the latest work with 
you, you will read the summary in Fusion Facts. 

NEWS RELEASE - CLUSTRON SCIENCES CORP. 

On Agust 10, 1992, we received a Press Release from Dr. 
Eugene Mallove and Russell George concerning the 
funding of Clustron Sciences Corporation by Venture 
America, located in the Washington, D. C. area. The 
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There .was an announcement by a certain Charles Martin 
here before the Santa Fe conference but he then withdrew 
the claim later on and said that it was false. So I think 
we do get it [the recognition that Hal Fox omitted and 
■ •* apologizes for.] 

Anyway, no hard feeling about your statement but I do 
want to make clear that we do believe that our Santa Fe 
announcement of the ratio was the first time this very 
vital piece of information was brought out 

Sincerely, Isl J. O'M. Bockris 

An apology from Hal Fox: Fusion Facts has often cited 
Bockris et aL, at Texas A&M as being the first after Pons 
and Heischmann to produce cold fusion in a laboratory. 
As you can see from reading the nominations from Peter 
Glttck, he had more wits than I did. Dr. Bockris: With 
this apologize. Fusion Facts hereby, belatedly, present you 
with the FIRST REPLICATORS AWARD. As Peter 
stales, you are one of our heroes. For the sake of 
historical accuracy, we are pleased to be ■■in^m^f about 
the branching ratio. I had forgotten that the unexpected 
branching ratio came up at the Santa Fe conference. 
Thanks for your help in keeping an accurate report on. 
these- important items. 

Note: Dr. Bockris also shared with us a letter which he 
sent to Nature in answer to the ridiculous comments made 
in Nature about the absence of tritium measurements at 
Texas A&M. See Nature, Vol 357, 25 June 1992, page 
635, "Out, out brief candle... 1 * and our comments about 
this article in Fusion Facts, July 1992, page 10. If Nature 
refuses to print Professor Bockris' correction to their 
misleading article. Fusion * Facts will, with Bockris' 
permission, share his letter with you. 



LETTER FROM CHINA 

Dear Mr. Fox, 

Thank you for your recent issue of Fusion Facts, which 
conveys the important message about the Mm 
investment ... I am still trying to recruit volunteers on 
my campus for the experimental study of light- water 
"excess heat" ... We are interested in Takahashi's 
experiment also. We are expected more messages about 
the duplication of Takahashi's experiment in Fusion Facts. 

/si Li, Xing Zhong 

[We are always pleased to exchange news with our friends 
abroad. Prof. Li also pointed out the collating error in 
our July issue. The correction is being mailed to 
everyone with this issue. We apologize for our error. 
Ed.]* 



LETTER FROM MINNESOTA 

Wanted: Better Texts for Oldsters 

In trying to both do experiments, and "educate the stone" 
(this writer's head) I have been reading "Quantum 
Mechanics" and "Solid State Physics", texts the last three 
years. I find that there is a marked lack of QM texts 
which work out examples in their entirety in the text. I 
did find a wonderful QM text by W. Greiner. It is titled 
Theoretical Phvsics 1. and Dr. Greiner does go into great 
detail in working out the equations. I'm looking for a 
similar text in Solid State Physics. I'm familiar with Kittle 
and Ashcroft and with Mermin, neither of which are very 
involved when it comes to working out examples in the 
text (The Proof is left as an exercise for the reader...," 
is the classic comment made throughout Kittle and 
Ashcroft's texts. I don't need that, I'm too old for that 
nonsense. If someone has done the work already-I'm not 
going to re-invent the wheel") Last: does anyone have 
any papers/info on the so-called "muon-catalyzed" cold 
rusion? I'm curious if anyone knows the lifetime of a 
1 muon" in a solid state matrix. As I understand it, muons 
i i "free space" reactions car catalyze several hundred 
f :sions before being "consumer." Perhaps if their lifetime 
is orders of magnitude longer in the solid state, and if 
fiision reactions themselves can liberate muons, our "cold 
fusion" might be a natural extension of that phenomenon. 
But I speak out of ignorance, not knowledge, and would 
appreciate help in this realm. 

Yours, /s/Mark D. Hugo 

Note to Mark: Jones and Rafelski did some of the 
original work in muon-catalyzed cold fusion and there has 
been a periodic conference on the subject for several 
years. In a recent summary publication [Rafelski et aL, 
"Cold fusion: muon-catalyzed fusion," Jrnl of Physics B: 
Atomic, Molecular and Optical Physics, Vol 4, 1991, pp 
1469-1516, 115 refsj the authors present a topical 
overview of muon-catalyzed fiision. In the concluding 
remarks is the following sentence: "However, as 
highlighted in this survey, it is generally believed that 
MuCF is already close to the limits posed by a 
combination of practical approaches with fundamental 
laws of physics, and hence farther improvement is 
exceedingly difficult" The last two sentences of this 
massive "topical review" states the following: "While the 
chances of success are probably remote, the furor 
generated by the reports of cold fiision show the general 
appreciation for the importance of unconventional 
directions in the search for clean fusion energy. It is from 
this perspective that we must look upon cold, muon- 
catalyzed fusion." This paper was reviewed in the June 
1991 issue of Fusion Facts. Ed. 
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H. ^ REEXAMINATION OF A KEY COLD 
FUSION EXPERIMENT: "PHASE-II" 
CALORIMETRY BY THE MTT PLASMA FUSION 
CENTER 

/ By Dr. Mitchell R. Swartz, January 14, 1992, revised 
July 16, 1991 (c) M. Swartz 1992 JET Technology, 
Weston, Ma. 02193 

EDITOR'S NOTE Fusion Facts was asked to publish 
this information after it had been peer-reviewed. 
Although this article is longer than we normally publish, 
it covers an important aspect of the history of the 
development of cold fusion. We strongly believe that 
scientists have the right to reject or accept other scientific 
work based on its merits. We completely reject the right 
of any scientific group to be immune from criticism 
regardless of their institution. When a widely circulated 
peer-reviewed publication is found to be faulty, then we 
believe that a professional criticism of the work deserves 
publication. The following article carefully evaluates an 
MIT paper that has been widely cited (especially by the 
U.S. Patent Office) as "proof that cold fusion is not reaL 
As a forma- worker in the Lincoln Labs, I have great love 
and respect for MIT, the institution, and regret the events 
that have led to Dr. Mallove's resignation and to the need 
for -the publication of this article by Dr. Swartz: Fusion- 
Facts, will, of courser provide space for a reply to this 
article from Albagli, et al. Hal Fox, Ed. 

I. 0 INTRODUCTION: ASYMMETRIC CURVE 

TRANSFORM 

In the Spring of 1989, electrochemically-induced excess 
enthalpy reactions using palladium filled with deuterons 
from heavy water [1] were Initially reported to be very 
difficult to reproduce. Because of those difficulties cold 
fusion incorrectly connotes a "failed" technology in the 
minds of many scientists - even as a positive literature 
supporting the phenomenon grows. Experimental papers 
now involve palladium, titanium, and possibly nickel, with 
the chief product being excess heat [2,3]. Other products 
released include tritium [4,5], sparse neutrons [6/7,8], 
helium* [9], and possibly heavy elements [10]. 

Many skeptics [11] cite the published Phase-H data from 
the Massachusetts Institute of Technology Plasma Fusion 
Center {MTT PFC [12]) . Despite increasing evidence for 
cold fusion from labs in France, Japan, and Italy, the 
work-in-progress within the United States declined 
precipitously by late 1989 and has remained virtually 
non-existent, in part because of the publication of the 
Plasma Fusion Center Phase-H data, and the widespread 
press which it received. 

By 1991, scientific criticisms of the PFC data and 
techniques appeared. The data was criticized as being 



faulty with respect to its thermal calculations and 
conclusions [13]. More criticism accrued over differences 
between an in-house report (July 10, 1989) and the later 
(July 13, 1989) prepublication report [14]. The most 
serious complaint has involved alleged "shifting" of the 
heavy water excess power curves [15]. 

What follows is an independent examination to both 
determine if there was a curve "shift," and whether the 
same method of data conversion was applied equally to 
the light and heavy water curves. This optical imaging 
study of the PFC Phase-II curves has revealed many 
curves purported by the PFC to represent the same 
experiment Table 1 sorts them out into several types 
[see figure 1]. 

Section 1 is an overview of the PFC Phase-H curve 
catalog, and presents two measurements of the second 
baseline shift removed from Type 2 D 2 0 excess power 
curve to obtain the prepublication Type 3 {and 
publication Type 3 B [12]} curves. Section 2 presents a 
critical analysis of the Phase-H methodology which is 
revealed to be insensitive to steady state Cdx.") excess 
heats. More valid processing of the Phase-H data suggests 
excess heat may have been produced after 48 hours in the 
range sugger !ed by Fleischmann and Pons experiment [1]. 

>■:/ 

The curves reported by the PFC (for both heavy and light 
water) were captured using image scanners including the 
raw heater power curves, the preliminary excess power 
curves (July 10, 1989), later "averaged" curves (July 13, 
1989 - ref. [16]), the /. Fusion Energy published curves 
[12], and the March 10, 1992 Memo curves {later 
published in the PFC May 1992 Appendix [17]}. 

A Prime Option Scanner [400 dots per inch] was used. 
The images were: stored as 16 bit data files, bitmapped by 
an Amiga 3000UX onto at least 1240 by 2100 pixels. To 
facilitate comparison, images were colorized {Professional 
Art Department (tm) f [ASDG]} to enable unambiguous 
superposition of the different curves by applying each as 
a brush {Deluxe Paint IV (im), [Electronic Arts]). 

To accurately superimpose the curves, each was put in 
registration using rules at indicated power and time tics. 
Proportional control and careful alignment allowed each 
set of curves to be matched, superimposed, and 
recaptured. Some of the figures (Figure 2) thus 
demonstrate two sets of numbers along one axis 
consistent with the technique. 

1.2 RESULTS: ASYMMETRIC ALGORITHM 

Figure 1 shows how the Type 2 curve was already shifted 
once from the raw data (Type 1 curves). The Type 3 
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curve, [composed of dots in the July 13, 1989 manuscript 
[16]} was reported to be a time average of the original 
data. The published curve {Type 3 B [12]} is nearly, 
, identical to the (dotted) Type 3 curve [14] and differs only 
* in that the heavy water curve' darkens locally between 
some groups of data points. 

Figure 2 shows the matched and superimposed excess heat 
curves taken from the July 10, and 13, 1989 manuscripts. 
Hie upper set is for the light water (cell A). Hie lower 
set is for heavy water (cell B). For each set both the July 
10, 1989 data (continuous curve in black) and the July 
13th prepublication "averaged" data (gray dots) are shown. 
The two continuous curves (Type 2 from the July 10, 1989 
manuscript) have high frequency components. 

Examination of the light water curves (Figure 2, upper 
pair) reveals a very good correlation between the July 
10th (Type 2) and the twice-processed (July 13th, Type 
3) prepublication curves. This implies there was a 
negligible (second) baseline subtraction for the light water 
data. 

In contrast, the two heavy water curves (Figure 2, lower 
pair) have a poorer correlation which imply a significant 
second baseline- subtraction. Almost none- of the 
twice-processed data points overlap the July 10th data 
beyond 30 hours. The Type 3 curve also appears too 
wide on its left hand side. 

1.3 RESULTS: DERIVATION OF THE CURVE SHIFT 

An attempt was made to determine what algorithm(s) 
were used to process the July 10th Dp curve 
(once-processed Type 2) to create the prepublication curve 
(twice-processed Type 3). First, a temporal averaging for 
the heavy water July 10, 1989 curve was derived, figure 
3 shows three sets of curves. The upper set shows both 
the low-pass ("time averaged") curve and the FFC heavy 
water Type 2 (July 10, 1989) curve from which it was 
obtained. Next various linear baseline shifts were effected 
upon the low-pass D 2 0 curve, and are shown in the mid 
and lower portions of figure 3. 

For simplicity, a linear model was used to determine the 
transformations used, 'Le., Type 2 + [A+(B*t)]—> Type 
3. A and B are the linear terms for that second baseline 
shift A has the units of watts: and B has the units of 
watts/second. 

Several curves were derived using various A and B 
parameters. The middle set of curves in figure 3 are the 
superposition of the low-pass curve with four linear 
baseline shifts [A=0]. The published heavy water data of 
the PFC is also shown as the darkest dots. The darker 
gray continuous curve (with the greatest time-varying 



baseline shift) shows the superposition of AM) and 
B= -158 nanowatts/second upon the low-pass curve. 

The lower set of curves in figure 3 show the superposition 
of the low-pass curve with various fixed (non time-varying) 
baseline shifts [B=0]. The published [12] Type 3 data 
points are again shown as the darkest dots. The darker 
gray continuous curve (with the greatest fixed baseline 
shift) shows the effect of A= -59 milliwatts and B=0 
superimposed upon the low-pass curve. 

It is important to consider that the published curves for 
heavy water (Type 3 or 3J are too thick on their left 
hand side. Because the possibility of superimposed points 
added to a linear transformation cannot be excluded, it is 
unclear which values of A and B produce the best fit 

Notwithstanding the above, the transformation used to 
change the Type 2 (7A0/89) to Type 3 (7/13/89) D 2 0 
curve was approximately: 

fixed baseline shift [A=] -9.6 milliwatts, and 
time varying shift [B=] -94 nanowatts/second. 

To determine the actual energy subtracted from the Joly 
10, 1989 curves, the integ rals under the power curves were 
-measured. Then using th; duration of the experiment, t-ss 
average excess power subtracted was derived. For L£. 
heavy water this derived jiower was about 30 milliwatts 
(+/- 15%) in the time beyond 18 hours. The light water 
curve was characterized by an average power baseline 
subtraction of 03 milliwatts. In summary, this analysis 
demonstrated that either a relative D 2 0/H 2 0 excess power 
was measured, or that an asymmetric (second) treatment 
of the data was used after July 10, 1989, that is, the light 
and heavy water data were processed differemly. 

1.4 RESULTS: ARTIFACTUAL POINTS 

Some of the points in the published D 2 0 curves appear to 
be possible artifact, of two varieties. Points A and A' in 
figure 4 are one variety. These points are arbitrarily 
positioned along what was purported in the published 
paper to have been "intentionally introduced as a time 
calibration mark." It is not clear either how the 
locations of points A and A' [in Type 3 and Type 4 
curves, respectively] were chosen, or why the published 
temperature curve [12] changed at that time. 

A second variety of possible artifact concerns the 
apparent higher density cluster of points on the D 2 0 
curve between 18 and 25 hours [figures 2, 3, and 4]. The 
PFC publication [12] indicates that dots were the result of 
a time n average(d) over l-h(our) blocks." 

The upper set of curves in figure 4 are the Type 3 D 2 0 
and H 2 0 curves, one above the other to facilitate 
examination. Gray dots were located over each data point 
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to facilitate a count within a forty (40) hour period for 
these * curves* Although less than 42+/- 1 dots were 
expected, for the DjD curve the number of dots exceeds 
45. Although differences in sampling rate could account/ 
for the number, it would not account for the unusual 
thickness of the published heavy water curve on its left 
side. 

These observations of artifacts were reported to the PFC 
in February 1992. The March 10, 1992 PFC memo 
presented two "new" curves to "correct" this matter [17]. 
One new curve (Type 4) is examined in the mid and lower 
sets of curves in figure 4. Hie mid set of curves compares 
one published curve (Type 3, dark dots) to the 
post-piblication-3A0/1992 Hype 4) curve. The two curves 
have been normalized, put in registration, and 
superimposed. The only change is that in the 3/10/92 
memo, the Type 4 curve had the symbol "[ ]." For easier 
identification, a solid gray dot has been placed between 
each pair of brackets. 

At least three published data points [labelled "i," "ii/ and 
"iii"] are missing from the Type 4 curve. Most notably 
absent is data point "iii," the expected opposite superior 
half of the "incidental" points: "A" and "A*." 

The mid set of curves in figure 4 also compares data 
points A (Type 3) and A* (Type 4). Point A* appears 
shifted toward the baseline. This is examined further in 
the lower set of curves in figure 4 which have been 
normalized and axe in registration for comparison. The 
times are hours and the power (vertical axis) is watts. 
One published curve [Type 3 (PFC/JA-89-34)} is on the 
right hand side and is gray colored. The data from the 
July 10, 1989 curve [Type 2] is also shown on the right 
side, located slightly higher (black continuous curve). The 
Type 4 curve is on the left hand side. 

The magnitude of the "data" point shift [A to A'] is +24 
milliwatts. This point shift is one of a number of changes 
used to optically identify and distinguish this Type 4 
curve. 

1.5 ANALYSIS: ffVAPQRATION FfrQM D 7 Q 

Why wasa second baseline subtracted from the D 2 0 curve 
after July 10, 1989? The PFC has said that die "shift for 
the heavy water data came as a result of a computer 
subtraction designed to compensate for water evaporation 
[15]." Could increased solvent loss for D 2 0 actually 
impose a need for a greater "baseline shift"? Albagli [12] 
states that the temperatures of the two solutions were 
similar. However, temperature curve imaging indicates 
that the H 2 0 experiment was operated at a higher 
(1 degree Centigrade) temperature. 



Given that the DjD solution was at a lower temperature 
than the Hp solution, and given that for each 
temperature the vapor pressure of Dp is less than Kfi 
[deuterium oxide melting point (SIP) is 3.82 Centigrade, 
its boiling point is 101.4C] more evaporation must have 
occurred for the light water. Therefore, the baseline 
subtraction should have been less for the DjO experiment 

There is another reason why less baseline subtraction 
should have been used for the Dfi data. The PFC data 
itself indicates that evaporation was a minor source of 
solvent loss, because the calculated thermoneutral 
potentials were quite close to their theoretical values [13]. 
Therefore most solvent loss occurred by electrolysis. Such 
solvent loss would be greater for the HjO solution again 
because such electrolysis is, in fact, used to commercially 
isolate heavy water due to light water's tendency to form 
gas by electrolysis first 

In summary, putative differential excess solvent loss for 
heavy water is not a reasonable explanation for the 
asymmetric algorithm used to shift the 7/10/1989 D 2 0 
curve. 

l t $ AWm HtWCT OF CUTVE SHIFT 

"This equation (P,+P h = constant) allows -the unknown 
power, P,, to be determined If P, increases, then the . 
feedback control system of the calorimeter reduces P h to 
maintain T 0 constant [12]/ Therefore any potential curve 
shift would hide part, or all, of any measured excess heat 

Furth er more, unless stated otherwise, readers presumed 
that baseline shifts were the same for the H 2 0 and D 2 0, 
and based upon careful calibration experiments. rt (T)he 
data for the H 2 0 curve ... was taken at the time of the 
1989 experiments, and in the exact same way that the data 
was obtained for the D^O curve [19]/ 

1.7 SUMMARY OF SECTION 1 

In summary, Table 1 lists the different curves which have 
been purported by the PFC to be the results of a single 
Phase-H heavy water experiment in 1989. Neither baseline 
data from before the experiment, nor calibration data 
concerning the putative heat loss versus solution height, 
nor the solution volume during the experiment, have been 
released or provided. Given these limitations, the 
following optical assignments remain presumptive. 

Type 1 curves are the raw heater power data. The best 
experimental graph is 1 D . A baseline shift of about 900 
nanowatts/second was applied to the Type 1 curve to get 
the Type 2 curve. A second 94 nanowatts/second shift 
was applied after July 10, 1989 to generate prototype 3. 
The superposition of additional points, not present in 
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either the Type 1 or Type 2 curves, completes the 
transformation to the Type 3 curve (7/13/89). 

The Type 4 curve {which appeared March 1992 [17, 18]} " 
,* has one of the published "data" points moved 24 
milliwatts. Other questioned "data" points are missing. 
In the "newest" curve {Type 5] all of the questioned 
"data" points have vanished 

24 I^QPUCTON; SENsrnvnr of the 

PHASE-II METHODOLOGY 

The March 10, 1992 FPC memo states they "first 
subtracted) the baseline drift [so that] any onset of 
anomalous heating would appear as an excursion from 
zero." That memo and the subsequent Appendix [17] 
explored various linear curves [derived by uncertain fit 
over varying portions of the data] used to produce 
baseline shifts. 

Given the widespread reports confirming cold fusion 
phenomena [2,3,4,5,7,8,9,10] and the recent release of the 
PFC Phase-H methodology [17], it is reasonable to 
evaluate the technique. The following analysis determined 
whether the Phase-H method was sensitive to excess 
enthalpy characterized by a ramp and step function, 
including the presence of a- changing baseline. 

2.1 ANALYSIS: CAN THE PHASE-H 

METHODOLOGY DETECT EXCESS POWER 

Figure 5 shows five sets of curves. Each set has three 
curves derived from three hypothetical "successful" 
experiments wherein excess enthalpy occurred at time T 
Each set of three curves is labelled a, b, and c, and is the 
result of "operations" used to process the first set of 
curves in the upper left of the figure. 

These hypothetical curves (labelled with lower case 
nonsubscripted letters) should not be confused with the 
several curves of figure 1 such as Type 3 B curve (note 
upper case subscript). 

In figure 5, curve la is the first hypothetical heater power 
curve, with a slow "turn-on" of excess heat at time T. An 
expected delay to onset is reasonable. As was noted in 
the March 10, 1992 PFC memo "(t)he level of excess heat 
was claimed to appear after an initial 'loading period' 
of some hours or days." 

Curve la is initially stable (flat baseline) but then 
decreases as the hypothetical excess heat increases. The 
shift occurs because the heater requires less input power 
to maintain the same temperature. 

One complexity is that the baseline of the heater power 
curve, prior to a "successful" experiment, may not be flat. 



Such baseline drift could be due to electrolysis loss (which 
might increase the thermal diffusion pathlength to the 
environment) or evaporation or other reasons. For the 
second hypothetical experiment (curve lb) there was the 
same change in excess heat at time T, but superimposed 
upon an intrinsic baseline drift Curve 1c is the 
hypothetical experiment wherein at time T a step function 
occurs rather than a ramp function. 

The following analysis demonstrates why it is critically 
important to notice that a linear regression fit can be 
made to either the entire curve, or to the baseline prior 
to the onset of excess power. Figure 5 presents these two 
methods. Curve sets 2 (with 4) and 3 (with 5) show each 
method. 

On the left of figure 5, curves 2a, 2b, and 2c show the 
derivations of excess heat using regression fits made to the 
initial portions of the heater power curves prior to the 
onset of excess enthalpy. Such linear fits made using only 
the experimental data prior to the hypothetical onset of 
excess heat are labeled Y OT (for "true" linear regression 
fits) to distinguish them from the curves (for "false" 
linear regression Jits). Y OT curves are fit to tfie curve 
prior to the onset of excess enthalpy, whereas the 
curve are fit to the entire data curve (including th- excess 
enthalpic portion). The "truth" and "falsity" < ;f each 
method will be apparent npvy. 

Curves 4a, 4b, 4c show the result of deriving the true 
excess power = Y OT - P H . Curves 5a, 5b, and 5c 
show the "falsely derived" excess power using the linear 
regression fits made to the entire curve: P^p = Yhp - P H . 
The fundamental value of each method can be seen by 
comparing each matched pair of Curves 4a with 5a, then 
4b with 5b, and then 4c with 5c. The P^ curves do 
qualitatively reveal the excess enthalpies which were 
postulated in this gendanken "successful" experiment. On 
the right side of figure 4, curves 5a, 5b, and 5c, the 
curves, confirm that the flawed technique masks the excess 
heat even in every hypothetical "successful" case. 

Note also that the ?xr curves (4a, 4b t 4c) coiTectly derive 
that the excess heats began at time T. However, in the 
Pxp curves (5a, 5b, 5c) there is only a breakpoint at time 
T, and the presence of excess heat is not clearly revealed. 
In the curves there' appears a surge of "excess" heat, 
a narrow impulse, at the initiation of the hypothetical 
excess heat It is interesting that reexamination of the 
PFC heavy water published curves (Types 3 and 3b) 
reveals a similar pattern, a possible "signature" of excess 
heat detected by the Phase-II methodology. 

In summary, the algorithm used in the Phase-II 
experiment is flawed because it hides any constant excess 
heat Efforts using such an insensitive methodology are 
doomed a priori. Critical data analysis requires careful 
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measurement of the baseline drift before the turn-on of 
any putative excess heat Perhaps additional heavy water 
should not have been added to the solution soon after the 
experiment started, but should have tried to obtain the 
^ best possible initial baseline, which may be lacking in 
Types 3, 3b, 4 and 5 curves, 

2-2 ANALYSIS: REEXAMINATI ON OF THE 

Given the asymmetry of the curve shifts for the heavy and 
light water experiments, it is thus important to consider 
if there actually was excess power in the D 2 0 experiment 
The PFC paper [12] does give hints of excess power. 
First, 

"(w)hen enough solvent was added to the Dfi cell to 
compensate for that lost to electrolysis at the end of the 100 
h period shown in Figure 6 t Ph (the heater power) returned 
to within 20% of its original value." 
[AlbagU et o/. f /. of Fusion Energy. 9, 133 (1990)] 

That 20% discrepancy in heater power, used to heat the 
Same vqlu me of fluid has been suggested as corroborating 
evidence that the heavy water cell produced - excess heat 
[14]. 

Noninski [13] examined these thermal matters and 
calculated that as much as 2 watts per cm 3 palladium of 
excess power was generated over 60 hours for the heavy 
water. 

The optical analysis and integral derivations of subtracted 
energy from the D 2 0 curve, as discussed above, indicate 
approximately 400 milliwatts per cm 3 generated for the 
9 cm by 0.1 cm diameter cathode. 

Because of the flawed Phase-H methodology and these 
facts, the Phase-E DJD experiment was reexamined using 
the initial baseline drift on the Type 1 D curve. A 
calibrated excess power curve [P^, the "true" corrected 
excess power] for the Phase-H Djp experiment was 
derived. It is listed as Type 6 in Table 1 and shown in 
the upper portion of figure 6. The average excess power 
derived by this method is 62 milliwatts (+/- 34 milliwatts). 

This derived value of excess heat is on the order of the 
measured difference between the Type 2 and Type 3 
curves. It is qualitatively similar to the value expected for 
a "successful" experiment [142]. The time of apparent 
turn-on of excess heat in the derived Type 6 curve is also 
close to the expected time cited [12]. 

2.3 ANALYSIS - THERMAL PATHLENGTH LOSS 

The PFC Appendix [17] indicates that the Phase II system 
was calibrated during the experiment by adding 5 cc of 



Dap at t=14 hours. The D 2 0-air interface was described 
as located at L+x(t) from the top of the calorimeter. The 
Appendix purports without supporting evidence that 
because a l/(L+x(t)) term dominates the thermal losses 
it produces a linear baseline drift of the heater power 
curve. 

The Appendix [17] claims that such linearization follows 
because x is close to OA and so l/(L+x(t)) can thus be 
approximated as: l-(x/L)+(x 2 /L*) and so there supposedly 
results a linear baseline drift 

But is x/L really close to zero under open conditions 
wherein solvent losses include both evaporation and 
electrolysis [02 amperes]? Use of the Faraday and the 
dimensions provided in Albagli [12] and the Appendix 
[17] indicate that the approximation was inappropriate 
before the experiment was over. 

However, just suppose that it were appropriate to remove 
some baseline shift. Removing the baseline based upon 
a linear regression from data taken after the experiment 
begins simply eliminates any steady state signaL As figure 
4 shows, the effect is not merely a baseline correction, but 
is the removal of the entire time-invariant signal. 

Therefore, a correct method was made to determine the 
calibrated excess power using appropriate mathematics for 
the baseline correction. A Series of curves was generated 
using the actual postulated l/(L+x(t)) thermal resistive 
pathlength, instead of the improper linearization. The 
model consisted of two thermal loss paths, one fixed and 
one varying. The ratios of the two thermal losses are 
shown in the lower set of parametric curves in figure 6. 
When the Type 1 D curve is plotted upon the initial 
corresponding baseline-shift/thennal-loss curve [with an 
estimated 55% (+/- 20%) of heat exiting through the 
variable path] the difference (gray area) would be the 
calibrated excess heat for D 2 0. 

This derivation is similar to die excess heat derived 
optically and shown in the upper curve in figure 6. The 
parametric-baseline subtraction method appears to have 
more sensitivity to excess heat 

3,4 CQNaVS™ SUMMARY 

The light water curve was published by the PFC 
essentially intact after the first baseline shift, whereas the 
heavy water curve was shifted a second time. The cells 
were matched [12], and solvent loss would be expected to 
be greater for H 2 0. 

The Phase-II methodology is flawed because it masks a 
constant [steady-state] excess heat Furthermore this 
paradigm fails to use either the true baseline drift and 
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may avoid the first 15% of the D 2 0 carve in Types 3, 3 B , 
4, and 5 carves. 

What constitutes "data reduction" is sometimes but not 
v always open to scientific debate. The application of a low 
pass filter to an electrical signal or the cutting in half of 
a hologram properly constitute "data reduction," but the 
asymmetric shifting of one curve of a paired set is 
probably not The removal of the entire steady state 
signal is also not classical "data reduction." 

In the May 1992 Appendix, the FFC retroactively claims 
its "systematic" errors now total 100 to 400 milliwatts, 
implying an insensitivity of >30 kOojoules. 

Much current skepticism of the cold fusion phenomenon 
was created by the FFC paper's repenting 
•faflnre^o-reprodnce" [12] as opposed to its later claimed 
"too-insensitive-to-confinn" experiments [17J. Because it 
may be the single most widely quoted wodc used by critics 
of cold fusion to dctmiss the phenomena, the paper should 
have clarified all "data" points and the methodology used. 
Apparent curve proliferation, volatile points, asymmetric 
curve shifts, combined with an impaired methodology have 
needlessly degraded the sensitivity, and bdievabDity, of the 
Phase-II calorimetry experiment. 
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TABLE 1 : SIX TYPES OF CURVES FOR DX) EXPERIMENT 



The PFC Phase-n Dfi data has been displayed several ways since July 10, 1989. This table lists known curves of that single 
experiment, including the five Types reported by the PFC. 

# CODE DUR'N CONT/ INCH) QUEST 7ASYM ? PT BLS DOCUMENT ASSIGNMENT 
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Fig.6 
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CODE - TYPE Type 1 has five graphs, shown in figure 1. They are nearly identical with various portions 
clipped or removed. Curve 1 D may be the best raw data curve released to date. 

DUR'N - Duration of Experimental Time shown in graph. Clipping often occurs at >80 hours or 0-16 hours. 

CONT - Continuity. Continuous (CONT) or binned samples (DOTS). 

INCID(ental) Points - Points from experimenter-created glitch. 

QUEST(ionabIe) Points - Points beyond the raw data curve. 

?ASYM(metric) SHIFT - Is there a second shift of the curve beyond the first baseline shift 
? P(oint) SHIFT - Is there movement of point "A" to "AW 

BLS (Baseline Shift) - Is there any baseline shift?. Quantities are nanowatts per second. 
n.a. Not Applicable. 
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ASSIGNMENTS BY TYPE 

Type 1 are the. raw data (heater power curves) which have been released several forms, which appear to be identical. 

1 0 • BEST PROBABLE RAW EXPERIMENTAL DATA - continuous. 

l c - PROBABLE RAW EXPERIMENTAL DATA - continuous. 
Identical to 1 D ; clipped at circa 80 hours. 

Types 2 and 3 are the previously released 7/10 and 7/13/89 excess power curves. Type 3 B was published [12], and is slightly 
different from Type 3, but not enough to warrant a new category. 

2 - FIRST-SHIFTED BASELINE [July 10, 1989 curve] 

Continuous [shift circa -900 nanowatts/second]. 

3 - SECOND-SHIFTED BASELINE [July 13, 1989 curve] 

Sampled data [shift circa -990 nanowatts/second]. 

3 B - PUBLISHED D 2 0 CURVE - Figure 5b in J. Fusion Energy (9, 199) 

Types 4 and 5 [March 10, 1992 PFC memo] were derived using various regression fits [although given to five significant 
figures, the correlation coefficients were not presented]. 

4 - NEW SHIFTED BASELINE [Fig. 5 in 3/10/1992 Memo] 

Sampled data : one incidental point missing; the other shifted 24+ milliwatts; other minor differences. 

5 - NEWEST SHIFTED BASELINE Fig. 9 in March 10, 1992 Memo] ' V 

All incidental and questioned points missing. 

6 - CALIBRATED DERIVATION OF EXCESS HEAT 

Correction based upon initial slope of Phase-H data. The Type 6 curve is shown in Figure 6. 
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Figure 1 . FIVE TYPES OF PHASE-TI D.0 CURVES 
These are nine different graphs available regarding a single MTT PFC Phase-n heavy water experiment in 
1989. Five types are distinguishable. The tour graphs on the left side (Types 1, 1 B , l c , and 1 D ) are 
nearly identical with various portions clipped at .80+ hours or 0-16 hours. Types 2 and 3 are the July 
10, and 13, 1989 curves. Type 3b was in J. Fusion Energy [9, 133 (1990)]. Types 4 and 5 appeared March 
10,1992. 
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Figure 2 - ASYMMETRIC CHANGES IN JULY 1989 

These arc composite curves of the MTT PFC Phase-H data [after Albagli et aL (1989, 1990)]. The upper 
are light water (JH.fi) and the lower are heavy water (Dfi). The continuous dark curves are from July 
10, 1989 (Type 2]. The curves composed of gray dots are from the July 13, 1989 PFC Report JA-89-34 
[Type 3]. 
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Figure 3 - LINEAR CHANGES TO THE PH ASE-II D.O TYPE 2 CURVE 

The upper section shows a Phase-H D 2 0 Type 2 curve (continuous high frequency) which is superimposed 
upon a low-pass [tune-average] curve (light grey curve). 

The mid and lower sections show the Type 2 curve, with the low-pass curve upon it, and the published 
curve P. Fusion Energy (1990), Type 3J in black with its characteristic thicker line and accompanying dots. 
Also shown are linear dis pl ace men ts of the low-pass curve. " In the midsection, four time-varying fits [A=0] 
are shown; whereas in the lower section three fixed baseline shuts [B=0] can be seen On varying shades of 
grey). 
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Figure 4 - EXAMINATION OF TYPES 2. 3. AND 4 CURVES 

These three sets of curves examine some of the PFC D 2 0 carves. 
Upper Two carves enable a count of data points in 40 hoars. 
Mid : Disappearance of points occurs in Type 3 -> Type 4. 
Lower Shifted point (A) drifts by 24 milliwatts. 
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Figure 5 - HYPOTHETICA L EXAMINATION OF B AS PT TNT CTm TRACTION 

These three thought-experiments involve hypothetical "successful" experiments which produce excess beat 
The impact of that heat upon the input power heater curves (la, lb, lc) is to produce decreases 
characterized by ramp -functions (la and lb) and a step function (lc). Two heater power curves (lb, lc) 
have additional baseline drift These three curves are treated by either of two methods (either curve sets 
2 or 3) to produce the respective derived excess heat curves (sets 4 or 5). 
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Figure 6 - CORRECTED EXCESS HEAT FOR PHASE-IT D.O EYPT 

These are the derived excess heats obtained by two alternative methodologies. 
Upper Derived using the initial baseline collection technique. 
Lower Derived using the varying thermal pathlength modeL 
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Dennis Cravens, working with 
equipment that cost him less than 
$5,000, much of it from Radio 
Shack and the local hardware store, has 
been doing what lots of well-known sci- 
entists claim is totally impossible — he's 
producing "cold fusion" excess heat, and 
he's been doing it in a lab that he set up 
in .his garage in Vernon, Texas. 

Dennis is a professor of chemistry and 
physics at Vernon Regional Junior Col- 
lege, and he's by no means alone in his 
success with this new technology. Hun- 
dreds of researchers around the world — 
at universities, national laboratories, and 
some of the largest corporations in the 
world — have confirmed the claims of 
scientists Martin Fleischmann and Sun- 
ley Pons. On March 23, 1989 at the Uni- 
versity of Utah, they said that their re- 
search had shown something very mys- 
terious was happening when an electri- 
cal current was passed between a palla- 
dium and a platinum electrode in a 
solution of heavy water and lithium salt. 
They were getting more power out as 
heat than they were pulling in as elec- 
tricity. 



Why "Cold Fusion? 



When they added up all the excess en- 
ergy their cell had produced, the amount 
was so large that it could not be ex- 
plained by a mere chemical reaction — of 
any kind. The process became known as 
"cold fusion," for the lack of a better ex- 
planation, and because Fleischmann and 
Pons were using the very same deuteri- 
um form of hydrogen that scientists with 
billion-dollar machines were using to try 
to create practical hot nuclear fusion at 
temperatures of millions of degrees. 

Dennis Cravens doesn't have a $30 
million dollar a year budget like the hot 
fusion laboratory at MIT in Cambridge, 
Massachusetts, the Plasma Fusion Cen- 
ter, or the Princeton Plasma Physics 
Laboratory in N"w Jersey, where new 
results often capture headlines — even 
though-ihe hot 1 pioneers have never 
produced a single watt of excess energy. 
(If and when the hot fusioneers do 
achieve excess energy, it will be with a 
blast of lethal neutron radiation that will 
have to be tamed.) Professor Cravens' 
work is completely and deliberately ig- 
nored by the U.S. government, even 
though major Japanese corporations 
have embraced this upstart technology. 

Cravens has already accomplished 
what the hot fusioneers have never done 
and will never do with their $500 mil- 
lion a year program. He gets more heat 
energy out of his tiny liquid cells with 
palladium or nickel electrodes than he 
puts in as electrical energy — and he gets 
it with no radiation. You can read about 
his experiments in this issue, and — if 
you are then bubbling over with enthusi- 
asm about "cold fusion" — you may want 
to try ihcm yourself. He'll point the way. 



Something new under the sun 

Water as fuel? Pollution-free power? 
How can unlimited power from water be 
real, when scientific officialdom suppos- 
edly investigated the Fleischmann and 
Pons claims and found them without 
merit back in 1989? More to the point, 
why are some scientists ridiculing any- 
one who even suggests investigating 
"cold fusion?" Where does ail this ex- 
cess heat in the opposition to cold fusion 



come from? Is it intellectual arrogance 
on the part of some scientists and the 
fear of pack journalists that they may 
have to eat crow? 

Any student of history will tell you 
that following many major break- 
throughs in science and technology, the 
pioneers were ridiculed by the establish- 
ment, often with the enthusiastic support 
of the news media. Nothing has 
changed. Did the media cover last De- 
cember's Fourth International Confer- 
ence on Cold Fusion on Maui, which 
was sponsored by the Electric Power 
Research Institute? If they had, you 
would have seen cover stories on 
Newsweek and Time. 

The Maui < znference showed, as had 
the previous i.uernational conference in 
Nagoya, Japa^i in October,. 1992, that 
hundred&'of researchers around the 
world are achieving the same astonish- 
ing results in an increasing variety of re- 
producible, solid experiments. Unlike 
the hot fusion people, "cold fusion" re- 
searchers aren't trying to mimic the nu- 
clear reactions inside stars, which occur 
at millions of degrees. So what is this 
"cold fusion?" Is it a new form of nu- 
clear energy or something else even 
more remarkable that seems like nuclear 
energy, because it gives out so much 
continuous power — far more, apparent- 
ly, than can be explained by chemistry. 
Yes, there is something new under the 
Sun, only it doesn't work like the Sun! 

If this technology develops as the pio 
neers in the field expect, within a few 
years we will be seeing the beginning of 
the end to our dependence on oil. coal, 
and natural gas — and the end of much 
environmental pollution. This new low 
cost power source may change the world 
far more than the automobile, the air- 
plane, the telephone, or the computer. 
The predictions are that this new 
process — in all its variants — will pro- 
vide lower cost power than hydroelectric 
generators, photovoliaics. wind-driven 
generators, and nuclear power plants. 
The generators should be small, light, 
and inexpensive enough to power cars, 
homes, and aircraft. Formidable indus- 
tries stand to lose if they are unable to 
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Cold fusion has now reached a critical 
stage in which improved communica- 
tions will play a key role. The field is in 
ferment and expanding explosively. In 
one of history's classic ironies, the 1989 
announcement of "excess energy from 
water' in a relatively simple table-top 



Where does all this 
excess heat in the 
opposition to cold fusion 
come from? Is it 
intellectual arrogance on 
the part of some 
scientists and the fear of 
pack journalists that they 
may have to eat crow? 



tually radiationless nuclear energy. Oth- 
ers say that cold fusion manifests as very 
faint low-level nuclear reactions, but 
that its more important aspect for tech- 
nology — the prodigious heat evolution, 
which is far beyond known chemistry — 
comes from a new type of "super-chem- 
istry." which affects not the nu- 
cleus but the outermost part of an 
atom, its electron "cloud.** 

Whatever nature's long-hidden 
secret that allows us to use water 
as fuel, cold fusion phenomena 
are real beyond any reasonable 
doubt. Excess power production 
and low-level nuclear effects have 
been convincingly demonstrated 
and made substantially repro- 
ducible with a remarkable variety 
of techniques. Moreover, labora- 
tory cold fusion experiments have 
begun to exhibit astonishingly 
high levels of power intensity, 
surpassing in small volumes the 
powers found even ii fission nu- 
clear reactors— man/ kilowatts 
per cubic centimeter, but without 
associated radiation. 



adapt to the expected rapid development 
of cold fusion energy. 

Water as fuel? . 

It sounds crazy until you stop to think 
about it. Sure,, for thousands of 
years we knew we could get ener- 
gy out of matter through chemical 
reactions— ordinary fire does that 
with wood and fossil fuels. Then 
in the 1930s and 40s we learned 
how to split the nuclei of uranium 
atoms to get fission power and the 
atomic bomb. Soon thereafter, 
scientists developed the even 
more powerful hydrogen bomb, 
which gets energy out of matter 
by uniting — fusing — forms of hy- 
drogen nuclei. Now science and 
technology are confronted with 
what is indisputably another way 
of getting energy out of matter, a 
gentler way of tapping it: "cold 
fusion." Though its detailed 
mechanism remains unexplained; 
there is_simpry no longer any 
doubt that cold fusion works. To 
deny the scientific evidence for cold fu- 
sion — as many have attempted — is to 
stand science on its head: to suggest that 
past "accepted theory" can legitimately 
falsify thousands of experiments that ap- 
pear to contradict that theory. 

Because of "cold fusion", 

the world as we know it is about 

to end 

This is very good news. The fossil fu- 
el age, the Oil Age, will in all probabili- 
ty begin to end during the waning years 
of the 20th Century, and we intend to be 
the herald of this process. After five 
years of controversy and neglect, an as- 
tonishing discovery — "water as fuel" — 
has begun to blossom around the world. 
"Cold fusion," Utah's "miracle or mis- 
take" of the spring of 1989, turned out to 
be a real phenomenon after all. Hence 
this magazine: the world's first devoted 
exclusively to "cold fusion" and possi- 
bly the world's first to have mysterious 
quotation marks in its name! We do 
know what we are talking about— excess 
energy; we just don't know exactly what 
causes it! Our cold fusion theorist 
friends have plenty of ideas, and they 
will be telling you about them in our 
pages. 



experiment — possibly by a heretofore 
unknown form of nuclear energy — oc- 
curred less than 12 hours before the 
Exxon Valdez caused a massive oil spill 
into the waters off the coast of Alaska. 
There was an initial media hoopla over 
the cold fusion story, but the press then 
lost interest as it became more difficult 
to discern the truth amid claims and 
counter-claims of angry chemists and 
physicists. With few exceptions, journal- 
ists bought the notion that cold fusion 
was nothing but hot air. "Pathological 
science" became the common insult, as 
few noticed that pathological skepticism 
about a new phenomenon was the real 
problem. Contrary to the media's percep- 
tion, cold fusion never died and was cer- 
tainly never disproved; it simply went 
underground as groups of courageous 
scientists in over a dozen countries 
mounted a concerted effort to under- 
stand and reproduce the mysterious phe- 
nomenon. Thanks to their hard work, it 
has survived. 

Scientists in laboratories around the 
world are closing in on an explanation. 
Some cold fusion researchers suggest 
that the nuclei of hydrogen isotopes par- 
ticipate in heretofore unknown nuclear 
react ions within the confines of metal 
atomic lattice Miuctuic.\ k';ulin» u> vir 



Is cold fusion about to be 
commercialized? 

Yes, indeed! The Japanese Ministry of 
International Trade and Industry (M1TI) 
has launched a massive "New Hydrogen 
Energy" program to do just that. It is 
conservatively estimated that Japanese 
corporations are already spending $90 
million/year on cold fusion, a figure sure 
to increase dramatically as practical pro- 
totype devices emerge in the next few 
years— or months. In the U.S., where 
anti-cold fusion sentiment has been par- 
ticularly intense, the Electric Power Re- 
search Institute, the $500-million/year 
research arm of the ejectric utility indus- 
try, continues its cold fusion R&D pro- 
gram. Last December it organized the 
Fourth International Conference on Cold 
Fusion, which was held on Maui. Other 
entrepreneurial cold fusion companies 
are springing up in the U.S. This corpo- 
rate involvement is perhaps the most im- 
portant reason we decided that the time 
was ripe for "Cold Fusion.'* 



Wayne Green, our New 
Hampshire publisher, whose 
magazines helped accelerate 
(lie pcisonal computer and other 
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technology revolutions, says that a 
publication in a new technology area 
serves three purposes: "It speeds up 
technical development by providing 
faster and better communications 
between the researchers and developers 
in the new field; it not only helps attract 
new people to the field, it enables 
them to get up to speed much 
faster than they could waiting for 
books to be published: and. 
probably of even greater 
importance, a publication makes it 
possible for entrepreneurs to 
provide products to help the new 
field grow. It makes a new 
industry develop faster.** ; 

There you have it, pur mission: 
to accelerate the "cold fusion" rev- 
olution by disseminating the truth 
about scientific and technological 
developments in what wi I Isurely 
be one of the most significant 
technology upheavals in history. Wc 
will publish the latest discoveries and 
findings .in a manner that can-be under- 
stood by a broad spectrum of people. 
Our intended audience is not restricted 
to scientists and engineers, though we 
will certainly aim to provide these ex- 
perts with timely and challenging mater- 
ial that will help them in their work. 
Told Fusion" will also explore the 
spectacular changes in store for civiliza- 
tion in the coming energy revolution — 
technological, as well as economic, so- 
cial, and political; 

TT Te will also expose the strange 
Y/V/ politics of opposition to cold 
T Y fusion, both past and present, 
which has so hamstrung research on the 
phenomenon. Part of that role will be to 
comment on how cold fusion is or is not 
being treated in the news media. We 
promise that our magazine will expose 
the numerous instances in which the me- 
dia have ignored the facts, disparaged 
honest research, and stood science on its 
head. 

Since the parallel is so striking, it is 
worth recalling what happened to two 
American inventors whose initial 
success occurred just over 90 years ago. 
On December 17, 1903, Wilbur and 
Orville Wright realized an age-old 
dream when they launched the world's 
first successful heavier-than-air flying 
machine. For five years, their millennial 
accomplishment went largely ignored by 



the scientific establishment and the 
major media, even though the brothers 
Wright made no secret of their 
invention. For years leading up to a 
dramatic demonstration at Fort Myer, 
Virginia, they tested their aircraft in full 
view of commuters on an interurban 



railroad near Dayton. Ohio. Yet for five 
years the Wrights were considered 
cranks by U.S. government bureaucrats 
who refused to take-them seriously! So, 
in search of support the Wrights took 
their invention to France. 



A few years ago, two other scien- 
tist-inventors, one American and 
one British, took another millen- 
nial invention to France: "cold fusion." 
Drs. Pons and Fleischmann are now 
working on cold fusion energy technolo- 
gy in the well-equipped Japanese-fi- 
nanced IMRA Europe S.A. laboratory 
near Nice, France. They left behind the 
scientific bigotry against their discovery 
that was unleashed in the U.S. The 
Japanese consortium of industrial giants 
has given them research funding. Mean- 
while, in hundreds of other laboratories 
the world over, researchers explore an 
astonishing array of physical phenomena 
that stem from the original discovery of 
the cold fusion pioneers. It has been five 
years since the announcement in Utah, 
and the "Fort Myers of cold fusion" ap- 
proaches — the demonstration of proto- 
type technology. 

Like flight, which we take for granted 
today, "cold fusion" will some day be 
taken for granted. But only five years in- 
to the Cold Fusion Age, as we launch 
"Cold Fusion" Magazine, we can hardly 
imagine anything nearly as exciting and 
pregnant with virtually infinite possibili- 
ties. 



Our pages will offer much more than 
theories on the frontiers of science. In 
the exciting months to come, "Cold Fu- 
sion" will feature some of the most 
knowledgeable people in the world writ- . 
ing about what the cold fusion revolu- 
tion is likely to mean for the world. How 
will cold fusion energy begin to 
replace the existing energy infra- 
structure? What will cold fusion 
automobiles be like, and the 
"cold fusion home"? What about 
the impact of water-fuel energy 
on agriculture, financial markets, 
geopolitics, and the environment? 
These will be a continuing focus 
of this magazine, in addition to 
detailed reports about the ongo- 
ing science, technology, and 
business of cold fusion. We ex- 
pect that you will be thrilled with 
what future issues bring to you. 



/idoutthe editor ... 

"Cold Fusion" Editor Dr. Eugene F. 
Mallove; l$ri n S s t0 tne magazine broad 
experience in high technology engineer- 
ing with Hughes Research Laboratories, 
TASC (The Analytical Science Corpora- 
tion), Jaycor Systems Division, 
Northrop Precision Products Division, 
and MIT Lincoln Laboratory. Since 
1991, Dr. Mallove has worked as a con- 
sultant to U.S. corporations conducting 
and planning R&D in cold fusion. He is 
the author of three science books for the 
general public, including the Pulitzer- 
nominated book on cold fusion, "Fire 
from Ice: Searching for the Truth Be- 
hind the Cold Fusion Furor" (John Wi- 
ley & Sons, 1991). He has taught sci- 
ence journalism at MIT and at Boston 
University; he was Chief Science Writer 
at the MTT News Office when cold fu- 
sion erupted. Prior to that, he was a top 
science writer and broadcaster with the 
Voice of America in Washington, DC. 
and also wrote science and technology 
articles for magazines and newspapers, 
including MIT Technology Review and 
The Washington Post. Dr. Mallove holds 
a Doctoral Degree (Sc.D.) in Environ- 
mental HealtlTSciences (Air Pollution 
Control Engineering) from Harvard Uni- 
versity, and a Master of Science Degree 
(SM, 1970) and Bachelor of Science De- 
gree (SB, 1969) in Aeronautical and As- 
tronautical Engineering from the Massa- 
chusetts Institute of Technology. 



Formidable industries 
stand to lose if they are 
unable to adapt to the 
expected rapid 
development of cold 
fusion energy. 
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~ih is beyond serious dispute any more that anomalous amounts of energy are being 
produced from hydrogen by some unknown reaction. . Mow, please fasten your seatr 
belts After these modest daydreams, I want to really stretch your imaginations" 



2001: The 





Power. 



And the Dawn of a New Era 



What follows is Arthur C. Clarke's memorable address at the Pacific Area Senior 
Officer Logistics Seminar (PASOLS) in March; 1993 at the Hilton in Colombo, 
Sri Lanka. Among the audience were Adm. Larson. Commander In Chief of the 
Pacific Fleet, Lt. Gen, Stackpole of the Marines, and leading officers of the 
military forces from many other countries, including Australia. India. Japan. 
Korea, Russia, the Philippines, Sri Lanka, and others. 



Admiral Larson, Lieutenant General Stackpole, Major Gen- 
eral Abayaratna, distinguished guests, I'm very happy to be 
here today, even though 1 should really be in Washington this 
week. All my friends will be gathered in the Uptown Theatre to 
celebrate the 25th anniversary — I can't believe it — of 2001: A 
Space Odyssey. 

Now, that movie provides a very good example of how diffi- 
cult it is to predict the future. You may recall that in the film we 
showed the Bell system and PAN- AM — well, they've both 
gone, long before 2001. But I'm happy to see that the Hilton, 
which we also showed in 2001, is still here, though not yet in 
orbil! 

This proves how impossible it is to predict social and politi- 
cal developments: Who could have imagined what's happened 
in Europe during the last few years? However we can, to some 
extent, anticipate technological developments, by observing 
what's going on in science and engineering. But the problem 
there is predicting when things will happen, even though one 
can be quite certain that they will. 

A good example is provided by my 1945 paper on communi- 
cations satellites, which I imagined would be large, manned 
space-stations. When 1 wrote that, World War II was still in 
progress, and I was working on Ground Controlled Approach 
Radar, which had the then enormous number of something like 
a thousand vacuum tubes in it, at least one of which would 
blow everyday. 

So it was impossible to believe, back in 1945, that TV relay 
stations could operate without a staff of engineers changing 
tubes and checking circuits. But of course, the transistor and the 
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solid-state revolution came along within a few years, and what 
I'd assumed would have to be done by large manned stations, 
could be achieved by satellites the size of oil drums. So every- 
thing I imagined would be done around the end of the century 
happened decades in advance. 

I'm going to say very little about communications satellites 
and the communications revolution, because you are all very fa- 
miliar with what's happened here. Essentially anything we want 
to do in this area can now be done. And satellites have not only 
transformed communications, but meteorology and navigation. 
You all know what the GPS (Global Positioning System) did 
during Desert Storm. However, the satellites I have always 
been particularly interested in are what I call "Peacesats," the 
reconnaissance satellites largely responsible for the Cold War 
never becoming a hot one, ones which created a transparent 
world, and vastly reduced the threshold of uncertainty. But I 
won't say any more about satellites, because (if I may be al- 
lowed a commercial) I've just written a whole book about 
them. How The World Was One. 

So now I want to change the subject completely, to some- 
thing perhaps even more important than the communications 
revolution. But first I'd like to mention a bit of forgotten histo- 
ry. 

In December, 1903. Orvillc and Wilbur staggered off the 
ground in North Carolina, and made the first controlled flight in 
a heavier-lhan-air machine. As a result, the North Carolina state 
motto is "First in Flight." which you military men may well 
think a rather unfortunate choice of words. 

Yet for five years. Washington didn't believe that the Wright 
brothers had actually flown — because everybody knew it was 
impossible. Leading scientists were then still writing papers 
proving it couldn't be done. Not until the Wrights went to 
France and started giving public demonstrations did the boys in 
the War Department say, "My goodness, these things really can 
fly. Perhaps they may even be useful for reconnaissance. We'd 
better look into it." And they did — five years late. 
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New results for glow discharge in deuterium calorimetry are presented. In separate experiments a heat output five times exceed- 
ing the input electric power was observed. The result for the charged particle spectrum measurement is presented. Charged pani- 
. des wjth^energies j^ of gamma-rays with energies of about 200 

keV and a characteristic X-ray radiation were registered. The summed energy of the registered products is three orders short of 
the values needed to explain the calorimetric results. 



1. Introduction 

After the known work of Fleishman and Pons on 
neutron and excessive heat registration ax heavy water 
electrolysis [ 1 ] many attempts tareproduce this re- 
sult were reported [2]. 

In our experiments we used a low voltage electric 
discharge at a low deuterium pressure. This ap- 
proach is much more suitable for X-ray and charged 
particle registration because the detectors can be 
placed in the discharge chamber itself. In our pre- 
vious work we saw an excessive heat, a correlation 
of the heat release values with the neutron flux change 
and we measured the neutron flux by various meth- 
ods including silver foil activation [3]. By measur- 
ing the gamma spectrum we found a radioactive iso- 
tope formation* we measured the neutron spectrum 
in which neutrons with an energy up to 17 MeV could 
be seen, and achieved reproducibility of the effect 
[4].\ ; 

Our ftext work was devoted to the prolongation of 
the nuclear reaction^ an increase of the excessive heat 
values and an increase of the measured parameters: 
X-ray and gsCmma-ray spatial distribution, charged 
particle registration, &c. 

As methods using electronics are not immune for 
electric pick-ups we tried to use independent meth- j 
ods wherever this was possible - activation, tracks, 
photoemulsion, for absolute nuclear product flux 



measurements. We also performed spectral mea- 
surements after the discharge switch-cfT, allowing one 
to-imprbve the reliability of the resu'ts. 

Complex-measurements of the flu> and the en- 
ergy spectra of the neutrons, gamma emission; X-rays 
and charged particles allowed v£ putting aside the 
nature of the effect, to compare the heat release and 
the energy carried by the nuclear reaction products. 

2. Experimental 

The experimental device (fig. 1 ) consisted of vac- 
uum chambers with diameters of 1.5X10* 1 and 
2x 10* 1 m ami a volume of 10" 2 m 3 . The vacuum 
system allowed a residual pressure of ^ 10" 3 Pa. The 
gas fill system was supplied with multi-stage gas pu- 
rification cells. The cathode assembly consisted of a 
quartz insulated thin-walled stainless steel holder 
with a molybdenum heat collector at the end. The 
heat collector has channels for cathode thermocou- 
ples. The cathode sample is placed on the collector 
and fastened with an Al 2 0 3 -insuiated cap. Usually 
the cathode sample (cathode) was in the form of a 
foil 10~ 4 -10- 3 m thick with an area of - 10" 4 nr. 
As a cathode we used various materials, such as met- 
als, alloys and ceramics. All excessive heat results and 
the largest nuclear product fluxes were achieved with 
specially treated palladium. The anode assembly 
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Fig. 1. Experimental device. (I) Calorimeter design. ( 1 ) Vacuum chamber, (2) inspection window, (3 ) heat collector. (4 ) insulator. 
(5 ) anode, ( 6 ) asmielidde^ (8 ) cathode holder; (9 ) imih-walled holder, (10) quaru plate, ( 1 1 ) inspection 

window, (12) aluminium oxide insulation, (13) screening insulation, ( 1 4 )thermocouples. 



consisted of a quartz insulated thin-walled molyb- 
denum tube bolder with thermocouple channels and 
a massive molybdenum end. In the chamber's upper 
flange an appendix wais made for silicon surface bar- 
rier detectors ( SSB ) . The chamber had a qui hz. in- 
spection window. In separate experiments th ~- insu- 
lating quartz tube or the calorimeter were inserted 
into the discharge chamber. X-ray films or photo- 
emulsion cassettes, CR-39 detectors and various 
screens could be inserted into the chamber. All other 
detectors for neutron and gamma-quantum registra- 
tion were placed outside the chamber (see fig. 1 ). 

The typical deuterium pressure in the chamber was 
3-10 Torr, the discharge voltage 100-500 V and the 
discharge current 10-100 mA. We used both trans- 
former-based and thyristor-based electric power sta- 
bilizers for the electric feed. 



3* Calorimetry 

We used the same heat-loss-type calorimeter as de- 
scribed in ref. [ 3 ]. The calorimetric insert is shown 
in fig. 1. 

We used W-Re thermocouples in the cathode and 
the anode and electrically insulated CC thermocou- 
ples in the heat collector. The thermocouples were 
the standard type used for nuclear reactor thermom- 
etry, providing a better than 1% accuracy. The signal 
from the thermocouples was registered with KCII-4 
. automatic registrators, providing a 0.5% accuracy and 
a reaction time of 0;1 s. The. electric discharge cur- 



rent and voltage were registered with the same reg- 
istrators, thus providing discharge power measure- 
ments with ^-1% accuracy. 

The calorimeter calibration was done in hydrogen 
and in deuterium, using a "worn-out" palladium 
cathode (with no neutron or gamma emission). The 
latter approach allowed us to eliminate the differ- 
ence in heat conductivity of hydrogen and deute- 
rium. We used two approaches to measure the heat: 
the calorimeter integral efficiency and the heat loss 
curves for the calorimeter elements. The former is 
much easier to process and the latter is more accu- 
rate, but requires the use of three calibrations for 
every calorimeter element instead of one integral. For 
interesting cases we processed the results both ways. 

The amount of heat measured by the calorimeter 
consists of an input electric energy Q c i=IVr (I is the 
current, Kthe voltage, t the discharge glow time) and 
an excessive heat £„. We measure this heat as a sum 
of elements: Q m -1 Q h where 

Here C„ Af h AT, are, respectively, the heat capacity, 
the mass and the temperature difference for the cath- 
ode, the anode and the heat collector. 



4. Integral efficiency method 

The heat release in the calorimeter consists of 
resulting from the electric, discharge glow^ and tie 
excessive heat from the nuclear reaction Q n (if such 
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a thing exists). Then the measured heat Q m is 

where r}(Q) is the calorimeter efficiency, depending 
on the measured heat. When g n =0 we can write 

It is evident that i/< 1, because in the quasi-station- 
ary regime Qd exceeds Q m by an amount equal to the 
conductive losses of the cathode and the anode hold- 
ers and the convective losses. The thermal radiation 
losses are small due to the calorimeter design and the 
small heat collector temperature {T% 100°C). 
^pp we assume the heat registration to be indepen- 
di^i bf the phys i cal n a ture o f the heat so urce, whic h 
is quite reasonable becau^ our experiments the 
neutron and gamma emission which can leave the 
calorimeter is relatively small (usually less than 10" 5 
W j^iien by measuring r\=ri(Q), Q m and & we can 
determine Q n : 

Qn=Qm/V-Q«' 1 

So the calorimeter calibration consists in measuring 
n=ri(Q m ) with regimes close to real experiment. 



As an example fig. 2 shows the change of the elec- 
tric energy the measured heat Q m and the real 
heat Q corrected for the time. Figure 3 shows the 
change of the electric power and the excessive power 
with time. This curve is obtained by differentiating 
the curve in fig. 2. 

. The best result of 78 calorimetric experiments is 
a 33 W excessive power at a 500% efficiency c, where 

€=((in-C2d)/Gd- 

Without special means the average values for the ex- 
cessive heat time and the efficiency are 20 min and 
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5. Heat loss method 

At every given moment for every calorimeter ele- 
ment (cathode, anode and heat collector) the input 
power is compensated by an element temperature 
change W=dQ/d-c f where 2= CM AT. When the dis- 
charge is switched off every element temperature has 
a corresponding heat loss power (conductive' and 
convective losses). Thus by measuring the cooling 
curve one can define the heat loss power for each 
temperature and the calibration consists in meas- 
uring W losaci =W loaes {T) for each calorimeter 
element. 

A multiple calibration processing both methods 
showed a reproducibility of the calibration with an 
accuracy of ~ 4% in the interval of absorbed heat 
100-1000 J and of 10% at 5 kJ. The degradation of 
the accuracy with temperature is supposedly related 
with the instability of the convective flows in the 
: chamber with increasing heat gradient. These values 
by far exceed all other experimental errors and de- 
fine the accuracy of the measurements. 



Fig. 2. Time dependence of the amount of heat in the calorime- 
ter. Gd is the electric discharge heat, 0* the heat measured by the 
calorimeter, Qm/n> with n the calorimeter efficiency. 




600 T,s 



Fig. 3L Time dependence of the power released in the calorimeter. 
W m is the power measured by the calorimeter, fid the eiecinc 
■power. - ; r ■. ... 
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50%. We solved the duration problem but high ef- 
ficiency values are still sporadic. 

We must note that the excessive heat correlates 
with the neutron flux change but not with its value. 
-We also must note that most of the excessive heat is 
released at the cathode, sometimes more than 90% 
of the total amount of heat. 

The amount of excessive heat we can measure with 
a passable accuracy is about 6 kJ, which is much more 
than one can get from chemical reactions, even if one 
would burn all the deuterium in oxygen (a 1 0 6 times 
higher 0 2 concentration is needed for that), which 
would give only 800 J. 



6. Charged particle registration 

To measure charged particles we used a silicon 
surface barrier detector of DKD and DKP type with 
a thickness of 25 to 509 fi and an energy resolution 
of 25-50 keV. The efficiency of the counters in the 
used geometry was about 10" 3 . The cosmic and nat- 
ural radioactivity background was less than one count 
per how. We used various degrading foils, from 6 \i 
(C 2 H 2 )„ to 50 ji beryllium. Earthed brass grids with 
2 ji aluminium foils were used to protect the detec- 
tors from electric pick-ups. Still the results obtained 
during the discharge glow are disputable. But as we 
can often see a signal for a few minutes after the dis- 
charge switch-off, spectrometry at this time is much 
more reliable. 4.58 and 5.16 MeV alpha particles 
from 235 U and 239 Pu isotopes were used to calibrate 
the measuring channel, consisting of an AMUR am- 
plifier and an AMA-3 multiscaler. The charged par- 
ticle spectrum is shown in fig. 4. Energies up to 18 
MeV can be seen. A degrading foil is not the best 
method for particle type definition, but the 3.5 MeV 
peak are alphas, the whole region with E> 10 MeV 
corresponds to particles with an atomic number A ^ 4 
and the 12 and 16 MeV peaks are probably alphas. 

Energetic alpha particles were probably observed 
in the first experiments with charged particle regis- 
tration [5]. 

In the first publication where CR-39 polycarbon- 
ate detectors were used to detect charged particles 
during deuterated metal thermocycling [6] a signif- 
icant amount of charged particles was found though 
the type of particles was not defined. 
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Fig. 4. Charged panicle energy spectrum, measured after the dis- 
charge switch-off. Calibration was done with alpha panicles. 

In coUaborauon-with^iie^ Moscow 
Physicc^Engineering ■ Institute, using 239 Pu-cali- 
brated CR-39 plates placed in the discharge cham- 
ber, alpha particle tracks will a density of 2xl0 5 
cm" 2 were found, correspK)riciing to a 10 3 s" 1 emis- 
sion from the cathode and roughly corresponding to 
the SSB results. The average- energy (4-5 MeV) is 
also consistent with the average energy from the 
measured spectrum ( 2-4 NfeV). The photographs of 
the 239 Pu-treated and "discharge - tinted- standardly 
developed CR-39 plates are shown in fig. 5. About 
10 2 neutrons per second were registered in this 
experiment. 



7. Gamma-quantum registration 

In the previous experiments [4] we used various 
scintillation detectors with various efficiency but a 
low energy resolution. Later we used mainly a liquid- 
nitrogen cooled Ge-Li DGDK-50 detector with a 1.6 
keV resolution at the 1332 keV gamma-line energy 
and a measuring range up to 10 MeV. The detector 
efficiency in our geometry was - 10" 3 for the 5 1 1 
keV gamma line. 

The measuring procedure consisted in a constant 
gamma-background monitoring before the experi- 
ment, measurements during the experiment and for 
about one week after the experiment. The spectrum 
goes back to its initial state in 3-5 days (for the Pd 
cathode). Numerous radioactive: isotope lines can be 
seen. In accordance with previous measurements 
most of the rhodium isotopes can be seen at the pal- 
ladium cathode! Some strange isotopes, such as 86m Sr 
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Fig. 5. Scheme of the CR-39 detector-plate placement in the discharge chamber, ^he left phot - plate is irradiated with 239 Pu alpha 
particles; the right photo plate is irradiated in the discharge chamber. / ,</ 
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Fig. 6. Energy spectrum of gamma radiation from the discharge chamber with a palladium cathode. 



can also be seen. The experimental gamma spectrum 
for the Pd cathode is shown in fig. 6. We must note 
that the : =s 5 MeV gamma-line intensity is very low, 
eliminating; d-p reactions. An abbreviated list of 
gamma lines for the Pd cathode is given in table 1. 

To determine the spatial distribution of the gamma 
emission we used RT-1 V X-ray films with lead 
screens. It appeared that gamma emission exists in 



the form of spatially uniform emission and narrow 
beams. Beams have two modifications, with smaller 
and larger an g ular divergence. A photo of these beams 
at.a distance; of! 0.5 m is shown in fig; 7. Judging from 
the attenuation by lead films in most of the beams 
the gamma-quantum energy is about 200 keV, though 
some, of them have a higher energy. Most : of the 
beams can be found in the cone 45 3 -60° with the 
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Tablel 

Abbreviated list of gamma lines for the Pd cathode. 



keV 


Isotope 


keV 


Isotope 


51 


I<Ma, Rh(r I/2a =4.4min) 


188 


I09n,p d(7i/3 = 47min) 


78 


«*»Rh 


190 


84 




195 




88 




210 




97 


l0 *»Rh 


230 


•^Sr 


102 




240 




108 




265 




120 




280 




129 


"»-Rh? 


295 




142 




305 


ig5 Rh(r I/2 =:35h) 


148 




320 


I0S Rh 


151 


M,D Sr(r I ^70min) 


335 




175 










Fig. 7. Photo of gamma beams on an X-ray film with a 2 mm lead 
screen. 

cone axis coinciding with the discharge chamber axis. 

Using the same X-ray film with aluminium and 
lead screens X-rays with diffraction spots can be seen 
(fig. 8). Most of this radiation lies in the range 5- 
20 keV. As the intensity of this radiation is rather 
high some of it can be detected with the same Ge- 
Li detector The characteristic X-ray lines of palla- 
dium can be clearly seen around 20 key. The X-ray 
intensity was evaluated by densitometry of the ex- 
posed films. 




Fig. 8; JC-r^y diffraction r pots on an X-ray film placed in the 
discharge chamber in a lead cassette with a 0.5 mm aluminium 
window. 



8. Nuclear product intensity ratio 



Using the above described methods, a table of the 
detector type, the detector efficiency, the sensitivity 
and the measuring error can be constructed. We must 
note that the measuring error has nothing to do with 
the physical error, which in the case of charged par- 
ticles can be very high, depending on the type and 
the energy of the particle and the distance from the 
cathode surface to the reaction area. The average en- 
ergy based on the spectrum measurements can also 
be placed in this table (table 2). 

The intensity ratios of the gamma quanta, neu- 
trons, charged particles and X-rays averaged over a 
few experiments look like 

= 1: (10" 5 -10- 2 ): (lO-^lO 2 ): (10-10 2 ) . 

If we take the average energy from the table, the en- 
ergy transfer ratio for the products will look like 

E:E n :£ tp . :£„ = 1 : ( 10"M ) : ( 1-10 3 ) : ( 1-10) . 

If we take the extremal values in the last ratio the 
charged particles are transmitting 10 6 times more 
energy than the neutrons, still 3-4 orders short of the 
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Table 2 



Product 
type 


Detector 

•type.-. . 


Efficiency 

-•if. , 


Range 
(s- 1 ) 


Error 
(%) 


Average 
energy 


Note 


neutrons 


CHM-18( 3 He) 


10-' 


>10 


-20 


5-7 MeV 




gamma-rays 


DGDK-50 (Ge-li) 


io-> 


^lO 2 


-50 


-200 keV 




(£>30keV) 














charged particles 


DKD, DKP (SSB) 


-io-» 


>\& 


-50 


2-4 MeV 




X-rays 


Go-Li, XR-films 


integral 


-10 4 


-65 


15-20keV 


X-ray film 


(£<30keV) 












densitometry 



values allowing one to explain the calorimetric 
results. 



9. Cathoc ^ material change - 

A. more, detailed paper on the material science as- 
pects will iollow this one but some of the results con- 
cerning the subjects of the present paper will be noted 
The palladium cathode after the work in the dis- 
charge chamber at temperatures up to 400° C was 
etched from the back side and analyzed with a high 
resolution transmitting electron microscope. A lot of 
small size "bubbles" with dimensions of 100-1000 
A and density 10 20 m~ 3 can be seen to a depth of 
1000-10000 A. Such pictures (fig. 9) are character- 
istic of bombardment at temperatures higher than 
half of the melting point (750°C) with high-energy 
deuterons. Some of the cathodes together with the 
reference samples were analyzed at the Rockwell In- 
ternational Laboratory (Oliver's group). A small in- 
crease in the 3 He concentration and a large increase 
in the 4 He (4-100 times) concentration was found 
in the discharge treated samples. This is the third in- 
dependent evidence of 4 He presence in the nuclear 
reaction. 

After the experiments the cathode samples were 
autoradiographed with degrading foils. Some tritium 
was found along with the high ener^ particle traces, 
equivalent to 0.5 MeV betas. The hi^^nergy com- 
ponent disappears in about one weeklafter . the dis- 
charge switch-off. \ 




Fig; 9. Transmitting electron microscope photos of a palladium 
cathode at a distance of -2000 A from the cathode surface (b) 
is in the central zone of (a ). 



10. Conclusion 

'". Many new questions arise with the latest results. 
The trigger mechanism of the nuclear reaction still 
remains unclear. As we already pointed out charged 
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particles with a good portion of alphas are found in 
quantities 3-4 orders short of those needed to ex* 
plain the excessive heat We did not measure the 
electron flows in our work and this still leaves the 
possibility of K-electron capture with a radioactive 
isotope formation with a consequent beta decay with 
large energy release. A more plausible scenario is that 
the main mass of the charged particles does not leave 
the cathode. This leaves us with two possibilities: 
either they have a small energy or they are heavy. 
Judging from the transmitting microscopy ^ 
most of the cathode material damage takes^lace at 
a depth of 1000-10000i& 

the region were the nuclear reaction takes place most 
of the alphas must hiave ian energy 1^ than 1 Me V: 
Palladium fission products even with a high energy 
will have small paths in the cathode material and the 
alphas can be by-prroducts. Anyway, the adorimetric 
results are promising by tl cnnself. 
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ABSTRACT 



!^^Tp ^ "S^ " ?* evaiuaUon of ^teras may rely upon flow caJonmetric systems 
susceptible to Bernard instability which may have inadvertently impacted the calorimetry. Such thermaWriven 
convection can produce die appearance of "excess heat", or a magnified excess heat, because of unanticipated 
th^-dnven mass transfer. A semiquantitative correction to enthalpic calculations is suggested after separation 
_ pf the observed Power output. (P,^ into twa -terms, the actual power out (P^J and a second 
bouyancy-flow-related error term (P ). °^ ^ u 

DISCUSSION 

um^systems. Rehanccurxmflow cdcri^^ 

Ranges secondary-to putative nuclear re^ons in condensed phases [1 ,2,3,4,5]. The equation used to derive 
the esumated power output^ and therefore the presence of any excess Leat involves thelplied fluid flow the 
speofich** of the water, and the temperature differential. Although this equation may bef mensionaSy 
it dc^ not appear to be always valid for low flow rates [6], such as m certain cases where Bernard ir^y 
V m ^ Cal0rimetr y- Previously qualitatively examined has been the 

S^^^ temperature in a quasi^ne-dimensional model, for both horizontal and vertical flow 

SSS' T J? C ° nVeCti0n [6] " ^ ^ be thermal redistribution in a vertical system with 

tteaddmonofup^ £ 

™ ° f section. Thus, the quoted efficiencies of energy genenS by 

l^f^Tl*: yn0t be ^ ^^an apparent error "signal" for zero flow bLase of the 
thennal instability which can create mass transfer. This brief note suggests a semiquantitative correction for the 

^^S^T " • — * » .enerated by 

H&a 0{he3t - ^P 0 ^ fe y tbe buoyant forces to all of the heat transported including that by the 

^hed^olution convection, then the Q1D model of heat and mass transfer [6] indicates that what is generally 
^J^ho^va^onx^ sy^ may not be correct for vertical systems, when the non-dinLsional 
number (= Ty is significantly greater than zero. 

^A^d^nr^msic^ 

theRayiaghnm-^^ ^ P , * 
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For this simplification, we suggest the separation of the observed Power output (P^^) into two terms, the 
actual power out (P^ and a second buoyancy-flow-related error term (P^). Because the total observed signal 

- the delta-T in the face of the applied convention (v^^J and incidental thermal buoyant convection (v^ ) 

- results from their coihbined velocity, then to zeroth order one can write J 

Pobscrvcd = Pout + Penor = C p * AT * * C, * AT * (V^ + V tow ) (eq. 1 ) 

The error term is thus first order on the non-dimensional ratio r\ B . 

P^CpMT*^*^ (eq.2) 

We assume that r| b is small and therefore = V.^^,^ This is also an approximation because the chain rule 
from calculus, and consideration of possible coolant redista^imon, suggest that there are other higher order terms 
also potentially arising from the impact of the buoyant flow. 

^r== "-"«Vr Ar * ^^^^ (*q.3) 

5A7* 

Thus, the second tarn in the equation, involving — — , may depend upon several additional factors inyo^ 

at least the to al tank volume just outside the reac or (or capacity of die thermal control) and the actual input 
temperature boundary condition. 

Ignoring in this approximation the terms of higher order, and using the approximations above, the linear 
correction to the observed power becomes corrected as 

^corrected * ^observed " (C p * A7 * V CBWBcfioB * l\ g ) (cq. 4) 

Thus, a more accurate estimate of purported over-unity power gain (k) could be directly derivable, from the 
correction to first order, as 

^corrected = ^observed * O " eq. 5) 

Since the submission of this manuscript, the correction technique of subtracting for the buoyant uplift in flow 
calorimetric systems has been experimentally applied independently by Dr. Barry Merriman and P. Burchard [9]. 
In that system, the correction is taken as a direct calibration to set the null signal. Based on this paper, it may also 
be possible to semiquantitative^ derive both terms in some systems. 

In summary, the extent of any such reported 'excess heat* may be inflated, if the information was collected with 
a vertical flow calorimetric system, without confirmatory calibrations under low to moderate flow conditions 
where the non^fimensional number is not trivial. Equations 4 and 5 offer semiquantitative conecdqns to 
the observed calculations of present verticle flow calorimetric systems used to investigate h^ jffbdu^ 
reactions in the condensed phase. These can be used evm in the presence of buoyant flow in vertical flow 
calorimetric systems, using a linear correctioii based upon ^ 
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Abstract 

S^Avmw theory for a variepp^ atomic and nuclei re- 
action mechanisms resultmgi^from tbe decay of a highly 
eacdted lattice is introducM^v; > , - : : ' M 

: In our previous work om^VL^on transfer reactions^ We 
found that large energy tr^^feetween a lattice and nun 
cl<u roil^ of a,?Kighly 

l-^exciteiw^ 
;1sticaa^^ 

p the'^i^ noise ratio, no consistent effect that ^pears in^^per^ 

l\ tinuiini/phohbir ^inients, ^A no compellmg^ 

processes that change the MmBer; of vacancies can in prin- t jj at anything anomalous shbuld happen at all . Nbi bb- 
ciple stimulate the transfer of ^OT^r^: with the lattice 



effects: 11 Maiiy in the field: hope that this effect, believed 
to be due to yet unknown nuclear reactions; 
ally be harnessed to provide a new clean source of energy 
for mankind. 

; The scientific community has long since ^pwir jiiMne 
to any reports of such claims. In a sense, the field of "cold 
Jfusion" has been judgfedi M& fia&a, weighed anA found 
wanting', and the field sentenced to oblivion-.; Thfcciuse: 
ients~that seem not t 



~ A;Wi^quenc^ hydride lattice 

with; host vacancies that has very high excitation -6f gap- 
jumping phonon modes, will -be -unstable against decay 
by a variety of atomic and : nuclear processes. Coulomb- 
induced recoil reactions of nuclei with , electrons and 
nearby nuclei that cause vacMcy^: product ion are found 
to occur with very high predicted reaction rates. 



A lattice with a large number of highly excited phonon 
modes that can decay sequentially will most likely decay 
with a "burst" of emitted decay products, as a high order 
multi-step quantum process. A theory for this type of 
high-order decay is outlined. 

The predictions of this theory may apply to many of the 
anomalous phenomena claimed to occur in experiments 
performed on metal deuterides, including neutron pro- 
duction, tritium production, gamma emission and host 
lattice activation. 

I. INTRODUCTION, ; 



vious progress has been made during the past year in 
effecting a basic change in: attitu 

Our reseSrcii in-tjie area takes as4ts~ premise the pos- 
sibility that some of the experimental results are in fact 
correct, and seeks to address the question as to what phys- 
ical mechanisms, if any, could be responsible. Our studies 
have led us to consider numerous potential nuclear reac- 
tion pathways, focussing on possible enhancements in: re- 
action rates that might be brought about by the atomic 
environment. Due to the large energy required to cause 
anything nuclear to happen, it is crucial in any such candi- 
date theory for a clear and obvious energy transfer mech- 
anism to be. present that is capable of transferring such 
large energy. 

Recently, such a mechanism was identified in the case 
of reactions that involve neutron transfer. 12 The basic 
idea is to generate a very large number of phonons into 
a small number of continuum phonon modes, and then 
shifthe frequency of these phonon modes by transferring 
a neutron to or from a nucleus in the lattice. The total 
energy transfer through this mechanism is 
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fron* other phonon modes by a finite band gap: a neu- in , mpta i u vA • . f . f , . 

tron transfer process that changed tHeiun^rXfimpl ^abofel^^" ^ m the W o Ui 
rity atoms also causes a changed the number ofSpt ^wSTnZon" "J"**"** 

rity phonon modes, which implies that a small number ItSTaTwufd^vT K 2 * m U * 

of phonon modes must jump-k band gap. lb iS^T -dS^^Sj? T 7 throu ^ an y mechanism tha, 

for a large number of phonons^ be L a sma^nW -fej?^<>^ vacancy. For example, the Cou 

,^rof phonon modes e^ 

i. phonon laser. 

Recently we have proposed the generalization of this 
mechamsm to a much wider class of processes, some of 
which are nuclear and some of which are atomic, the 
key observation is that an impurity band can be due to 
the presence of vacancies, which implies that mechanisms 
that alter the number of vacancies of a certain type can 
m principle cause a large energy transfer to occur. 

For example, in a metal deuteride that possesses a 

large band gap between the acoustic and optical phonon "'grSg^r"" "-"<^6J waiisier irom ine lattice, and 

branches, itmay occur that ^puritybands for thojsejdeu- SPjjP^fe 5°f v^" 3 deca y channels. Although 

tgrium-SBSmS n-i, - vacancy will form within^heT>anT rat « usingVFe 

ample, the basic hydrogen occupa- ®« th ^ the rates predicted in this 

*" ~— : -«- •- - - ^^Utoo large.for^^ to occur inde 



ejecteftelectron, as long as the recoil issuff 
y^ifreyersibly displace the nucleus; in this case the 
tion energy is supplied by the lattice through frequ 
shifting a large, number of phonons, which is caus. 
the reaction. Coulomb interactions between neighb 
nuclei can cause recoil capable at lower energy of , 
ing nuclei and causing phonon mode jumps. In the 
that the lattice transfers a very large amount of ei. 
nuclear decay channels become available. 

iiS^* f P Uows ' we W »U outline briefly the basic tJ 
forsa^mi^us energy transfer from the lattice, and 



lently^ Fejmi's Golden Rule breaks down. Conseque 
r the processes occur at all, they must occur in b 
coupled reactions. The generalization of the th 
/coupled reactions is straightforward forn 



terium i atoms hear a 

pgap. In PdH,. for example, tne basic hydrogen occupa- 

\ tion of octohedral sites persists in lattice cells with a Pd 

[vacancy; 1 ? we assume that the same is true in PdD. Deu- 
terium atoms next to a Pd vacancy see a softer potential 

and consequently oscillate at a lower frequency, than deu- . , . _ 

tenum atoms not next to a vacancy. The frequency of this w describe coupled reactions is str 
type of defect vacancy band-is.presently unknown; we will but lea & to formulas for reaction -rates that appe; 
make the anzatz in this .work that these modes in fact lie be difficult to evaluate; v. e propose a method to exi 
within the band gap in the case of the metal deuteride ^P 06 "^ tesuIts fr&m these formula. 

SffiST^ S^tS ^C^UCED FAST ELECTRON PROC 

modes; new vacancy modes are formed from the lowest 
modes above the band gap, which jump down to join the 
vacancy impurity band. 



The decay of a highly-excited atomic or nuclear 
tern by Coulomb-mediated fast electron production is 
known; in the atomic system the process is known a 
toionization, or Auger decay; in the nuclear system, 
process is known as internal conversion. A molecule 
a very high level of vibrational excitation could in pr 
pie decay through electron ejection, although the au 
is not aware of any examples where this has been 
served. The decay of a highly excited lattice by fast 
tron ejection as a direct process has not been descr 
previously. 

A lattice with ahighly-excited gap-j umping mode 
be able to decay by electron ejection, as long the r 
is sufficiently : ^fr: for a vacancy to be produced! A 
■ ^ ^^P Ie ^ ^!^^er -lattice decay through ejection 

Figure 1: Density of states in PdD (based on the K-sheU^fec^ 
J*^;^ with proposed 

V**^ c y im punfy bands (VD7 and VD 8 ). VD 8 indicates » 



. Frequency (iff* Hz) 
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Suiting 



possible model for such a de- 
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(2.6) 



where 




(2:1) 



(2.7) 



^ Si^ pi^^tator V is the Coulomb assummg5 np^ orbital and a 

ential W^&a»^uaefcaiik- the K-shell electrons phii^^^*W^6^nm \9&#di the ' ttu,nber of 

?• ' : -;^M^Jgfg:^ '; r 2 ' ~^-vS Is electons in thek^ i is Nu. 

'^'^^ IC^-iyA [■ -'€ ■ ( 2 ' 2 ) ^ The malirte exchange that oc- 

r : ;refeiliil^^ '" " 



Here 



aclear. cent 



(2.8) 




..... , . , T^T^^^KpC^?^^ 

Jl lattice sta^^d^al^ecteon momenta k. En- ^ ^ ^^^^ that , some care must 
^nser^^oon^^ between the jart al la£ 

^ energy a^^at^e ph.s electron energy; I* * ^v or £ onel ^ 

^^ ^ll^^ 1 ^ 611 ^^ reactions,^ we found M^rrect answers could be ob- 

'Se^di^^pSra elements that occu- in Fermi's ta^e^ mosi^plyly <aJ lag equation (2.8) to be defined 

teRiie^aBffinla as involving, integrations 3 ver nuclear center of mass co- 

/=••' : 'r : 4r:'. ordinates : .' .. , 

;;;; ; -^=<*ii^i*/> < 2 - 3 ) 

approximately factor into parts that can be individually M = ^ < *W({R})|e ,k R '|*f ^{R}) > ( 2 - 9 ) 
identified with Gbulomb exchange, recoil, and frequency- 
shifting of phonon modes; as we will argue below. To temporarily dispensing with carats to indicate phonon op- 
do so, we will use the Born approximation for the free gators. Considering all terms to be functions of center 
electron, and the Born-Oppenheimer approximation for of mass ^coordinates removes any such problems, because 
the lattice nuclear motion. the center of mass coordinates themselves are invariant 

, 1 ♦ durine Coulomb exchange. The nuclear center of mass 

For the computation of an mdividual matruc element ^ ^ be ^ m terms of the initial state 

the initial ^^.^f 0 ; "'i'hS wave! and final state phonon mode amplitudes q m through 

product wavefunctions that are built up from lattice wave- ^ , 

functions *< £) and single electron orbitaJs ^ as foUows: ^ _ + ^^)Q) gm (2.10) 

: ^ '^i^ir-^ (2-4) . m 

Vj-vf^r) (2.5) " m 

Thisform^^^ ^^^f^S^^^^ 
propriatefe^erm^mgsa single electron transfer; tors for the initial and ^ final lathes, . 

\^}yi!^^^^^^^^^^^^i^ d;soa ^'^;ieed to; recast the matri elem^ 

amplitudes' 
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^The norinaliz required since the ini- 

tial and final state phorion amplitudes may not be equiv- 
alent. Due to thjsi inequivalence, the matrix element is 
very difficult ^ form; we would be 

.able to make fishier progress if we could express in 



^bange/b^ resul&^i 
:en^^-'ipa^^ : ;pf the lattice conies about 'thj^4 
<l u W c y in ^pia^ nuiDbex oi phonbi 
the vvacancyyp^o^ required for energy? 

T!|e reaction jrateipr a transition at site j ia t^^^ 



^; As a consequence of the invariance of the center of by _ 
mass coordinates during Coulomb exchange, there exists 

a: linear^ j% t 

mode ^UM^^I^ (2.10) and (ill), it T f « ^^lyn^i V< 

is possible tp^&plite individual final sta^ phLn a^ x ^ • 7 

plitudffl in terms of initial state phonon amplitudes; the 
resulting rela^ summarized as * I < 

•i-iq/^A.qf + b (2.13) ^ . x +> 2 |kl V2rn e + E$ Ly ) (: 

in the case 1 of a harmonic lattice. This problem is weU It b wnVehient to ihtr<^uw a function ^ tra 



IincJecuJ^^ recoUaSt&^S 
phonon amphtudes is cate^ "-^v 

Our goal of obtaining the final state wavtfunction ^;0*:^vtf 
in terms of the initial state coordinates is accomplished 
through the use of the Duschinsky operator c" rf », i7 which 
has the property - " * 



e- fi «»^(q i ) = ^(A.q i + b) = ^(qy) (2.14) 



K^ L) (q f )|e' k ^l 



Cq.)->m 4^ --Ef 

This function may Be used to develop a perhaps i 



We may use this to rewrite the matrix element M as intuitive version pf the decay rate, given by 



M = V(k) < •W(*)|A*ie-^ |»J L) (q,) > (2.15) 
once again using carats to indicate phonon operators. 



r ' = £/ Pi.k(0r iik (e)d € 



with 



r i.k(0 = +S 2 |k| 2 /2m e -e) (: 



There exists a very large number of phonon modes in 
.a macroscopic lattice, but only a few modes can undergo 
a significant frequency shift during the creation of a single 
vacancy. Although the frequency-shifting modes will be These formulas suggest a point of view in which 1 
involved in the recoil, recoil effects will be dominated by exists a probability p of transferring an energy e' fron 
the vast majority of the modes that do not undergo any lattice, and that energy transfer drives a reaction 
significant frequency shift. This suggests that a separa- a partial rate that may be computed essentially wit 
tion between recoil effects and frequency-shifting would consideration of lattice effects, 
be a reasonably good approximation, leading to -J -• • • ' 

o^*p ^ -9 -The computation of p . ^ (e) is of course in general c 
' complicated. As defined, this function is proporti 

/ n °J££ to ai UjD^h^e function that might;,be^a^ 



At « < *( i )( qi .)|e-^ |*f >( q< ) > f 
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«>^-l«l 3 /'£^=| n > 
r-r.Vnl 



|3_„-M 



^ liat jump a band gap^ja ^result . . . ^ ^ , 
^ferftic^due to recoU;theii Ihelu^ianfi^^m ^ J 
j$^£n amount for each SSxie tKaJ^un^as ^ 
S^jind profile undei^rrespbndkg -cuPOTqcaa^^^^^^ia!- leads to 

^fl&the recoil isinsurnc^|o*c^ ; ■_ . 

gcasej the mnctibn'j^(c)i^yi^ ^;P£§Ei 
' it^ives energy trani&erVand:on'e that doesjn^J^ 
5if no: energy txaMa^oeea^^j^^i^^^f^^ 
tie energy transfer fian^e^^Jt^^^^ 
utfects alone will be to^ sn^ to drive any pfth^M-; 
ithat we consider belbw^(^n»equently I our ii^es^ 
usBed only on the pa^ of p; : lt (c) that cbrr^- J> - 
Nations where gap-jumping "occurs; Mathematics 



3 a 



|2n 



n! 



(2.23) 



(2-24) 



^griabiUty p i(k («) will be of the form 



highly excited classical state is well approximated by 
^shifted Gaussian around the mean number of phonons 
^.n >= ct 2 ;. in this' case the variance is 

< An 3 >=< (n- < n >) 2 >=< n > 

For an energy transfer of 1 MeV, on the order of 10 8 or 
tmbte- phonons must be: present, which implies a narrow 
^'^abihVdwtrftution : V< An 2 >/ < n >~ 10^ 4 . Coh- 



•"^uentiyv both for ^ number states and for classical states, 
liftwufr he an ex^ to take 



p( € ) w *(e -^<M 



» 



(2.25) 



• • .7;;.' '.; \^v$*2fy^ 

^jTp S the probabmty .... 

a jump, and where Pjum P {<) ^P™j«rw$^y £ ~ Iz* . 

IpUcated functions of energy whose prec^ shap^ .r: Here we must extend pur analysis to include recoil et- 
#Uttle concern to us; as long ^ 0^^^^<^ :fects iii/the ^ case of electron 

to the energy tn&tia'-E*^^ k relatively Weak, and the essential 

~" * . i- ' ^"tk occurs is that the transfer of energy m 

^{^^^^^ recoil energy is 'sufficiently strong to 
permanently dislodge the nucleus. 

For most of the values of the lattice energy transfer 
€ that are of potential interest, the recoil momentum is 
ure," under concuwons wnere mere w« ~ sufficiently great that a vacancy is created with certainty. 
w „ (in* this case, the energy transfer occurs through a ^ accurate calculation of the recoil matrix element re- 
pass change rather than through" the creation of a var quires a model for inter-nucleax potentials in the lattice, 
^cancy). We found that the probability for energy transfer ^ ^ beyond the scope of this work. In essence, a nu- 
^in the case of a single gap-jumping phonon mode initially deUfi tliat reco Qs mUfi t overcome a potential barrier to 
■ i x-i- «™ « cWifiaA Honed an i j « „«, \n*mim\mt site in order €o satisfy 



s§^<e will discuss this further. Given 
„ Jmi interest in computing reaction rat^B ^^cmajotis 
processes, we will neglect it henceforth. V; 

have computed previously the line shape for lattice 
|rgy transfer as a function of c in the case pf neirtron 
!, 12 under conditions where there wais no direct re " 



■ in a number state was a shifted Gaussian 



i<^S%oi«-* o i«y^*)>«- 



land in a new and inequivalent site in order €o satisfy 

the requirement that the phonon modes be irreversibly 

changed. We assume that the energy of the vacancy plus 

displaced nucleus-lies at an energy ^ relative to the mi- 

f9! ™ tial configuration, that the barrier energy is E„, and that 

the lattice and the VOteati^ barrier is adequately modeled by a parabola 

*l over a distance d 

the energy: transfer . 




-^(e-fKft*«>) 3 

(2^22) 



T»(x) = E b - 



(2.26) 



£ where c is the actual energy transfer ' 
In < hSw > is the expectation value ft 
Kie line is narrow; ~ n < (h6u) 2 >#Thefspread is 
fjrae to the range of frequencies of the^fina|8tefe. modes 

|iitp whicha single gaMumping mode ^:^^gSg|~^ : y . ; ; yn& V t f±dil2) = \E<jbWe then obtain an estimate of the;,; 
p|^utibn;:mthe.case;of a ^X^^^^^^^^^^^mr^^0m 
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I 2 \/(S> - 



iZ;?7J '^Pd in^PdD are shown in Figures 2 and 3. th|]S^ 
a: ;•: emission of fast electrons occurs when the recoSilP? 



. , ■ • ■■: .^^^jfiSS^i-r^ " " 41,ia fce ^" o ^ 0C <? u ra^nentherec6il« 

^ he «*r » *he recoU energy ^ becomes equal to the San&^gttK 

For Er K-Ef, a vacancy is not ctea&H »Aw '.yacancy creation: this occurs in th* n^^uiisS^Mf 



F ?i. E r < E d, a vacancy is not ictea&id,. and 'weJ^T^^iy 9 *^ 1 ^ creation; this occurs in the nonrelaih 



*'.■ "i Ji-^ ^^^^ ' 



A-&= 1835yl£' <f 

. .T -- -. .—.« »^»- u^ucuv. jr-oiiui oi gap-jumping T . _ 

phonpa modes leads ultimatelyStb: the. app*ar^M'a*>^< 0386 vacancy production, we h _ 
isolated system reaction^xate'lva^^ = 10eV as our "reasonable" iei^tf 

energy transfer e r the rec^^ to irreversibly create a vacant 

reaction rate at low energyigprScisely where ^ ^^m, we haveselected the ; j>^ 
off ocicun.as a ronctioo-of latlSof^fgy transfer >de^ds ; E * = ^OeV and d = la 0 ; while' the'elllli. 

strongly on the details of the^ciiemicil snvimn^^i^* 0 ,^^ °ctohedral or tetrahedral sites wffl\c*cu§Ii 

g|^«gies below 0.3eV, 1 eV should be sufficient? gUtc 
|f|te .deuterium to a more remote local. Relativuti^fc 
p^as have been used to estimate the recoil ener^if t 



on the details of the^clienucd environn^l 

vicuiity of the nucleus, details*^ 'daiF 

here allows us to obWpi^cf^^^''-^-^ 
„ «stimates of the excitation e-"*^^ J 



Th^ approximations ^ that the phonon modes th^fun 



tion rate per nucleus given by 

r, = To(A^) |r(k)| 2 

where the lattice energy transfer is 



- .- , J^a;band ; gap are diiferent for these two presses: -We/ha 
^^^cus^ gaMumping in the case of Pd vacancy Sii< 
(2 28) ;a J°^ e r : tllis Process should occur with strong e~dtati< 
Iowest optical phonon modes. In the caso^ofde 



AE t> = 5J.< »m« Xfitu/jn. > (2.29) 

and where the rate r 0 (f) is obtained by slimming over k 
to yield 

ro(e)=^|V(k)|V£» (2.30) 

where k is evaluated at a 2 |k| 2 /2m e = €-I K . Inserting 
expressions for V(k) and for p( E j), we obtain 



^^^9 m vacancv creation, we rely on ^pc«tuiatf l':|et 
-^isolated vacanc;. impurity modes that correspond to eel 
with- different numbers of deuterons in the vicinity of 
: host metal vacancy. '*.'/ 

The decay rates per nucleus for these processes ai 
seen to be very large, consequently the total lattice deca 
rates will be so great that it must be questioned undt 
what conditions the model will be valid. We will examir 
this question in the following section. 

I.e-J0 



r 0 (<) = ™±!s. 



*z h [l B ] 
where Iff is 13.6058 eV. 
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tapidly. The characteristic decay rates ; ; ^ 

jfa jo 10 sec" 1 per nucleiL5, ^ich if ^^^^ ; : : 
&aps imply a total lattice ;detay rate b&w^^ 

sec~Vfor the total ypM^ 
$$ss extend ; these total; ra^ar^uch twt^gf ?; 
iical • ^ .'■ 



|lj|s the resolution of this: ^problem, there |re ^: 
issues " that must be^iiMdiHed^ For «ampl^ 
Slice decay rate is so fi^tE^ H becom^i^pl 
^Sw the lattice could ha^^ra so highly ^ccig*: 
|yV" In the process • of ^cHinjg -the gajH^Rj^ 
, ^^fast decay should have ^occured once suffiqentr 
ffipwas present to enable Codomb decay 
^ much slower rates .^tliider these conditiops^ 
described in Section H would apply, and no v 
stencies would be present. 



r:e+5 



l.e*2 



-i— i — i — i — i ,. I \ i 




_i I I ■ I 1- I i i — I— J. 



; tnilUJ ■ . After 1 st jump After 2nd Jump 



Sets o* chorion modes above bartdgap 

Eigure 5: Pictorial of high phonon mode excitation 
• that is/shielded from Ae band gap by modes with tow 
excitation. . .-;S$?$^s ■ 

^£"re s 6lUtio n to this 3 'prbblem i s that the two re- 



Un st pnortsn mom *so«« o«nc %M9 



Figure 4: Pictorial of phonon mode excitation near 
" the band gap before and after gap-jumping. 

The situation becomes very much more interesting un- 
der conditions where the initial moderately-excited modes 
jump the gap to reveal new gap-jumping modes that are 
much more highly excited. When downward gap-jumping 
occurs, it is the lowest phonon modes above the gap that 
actually jump (see Figure 4). If several jumps occur in 
succession, it is always the lowest modes that jump in 
any specific reaction; consequently, phonon modes are 
stripped away from the bottom in sequence, much like 
the peeling of an onion. 

Under such conditions, it can no longer be argued that 
the phonon population could not have built up without 
provoking a fast Coulomb decay; higWy;i^ate^:;mo4es 
that are shidded from the gap by jan^ 



r:actibi% ^ tb ^ ^ ma ? 

o^n», and reaction ratea^^ using a the- 

ory which fundamentaQyt asoro^d. 
^The v j^hanisios that woiddppduce very high phonon 
populations would however Ul^y not result in such high 
selectivity as to produce jurtbne or two reactions, rather 
it is^reilikely that 10 5 to #f P honon modes would 
cause -reactions at a time. C<^^ we require a 

theory for: bursts of large numbers of reactions. 

The starting point for our discussion is the expression 
for a single isolated event from the last section, recast as 

k 

Taking the probability function to be sharply peaked in 
energy, we obtain 

^ V|V(k)| 2 |r(k)| 2 6(/K+^-»^) («)' 



k 



1m. 



We have used nhSu for Em- <«■»•■ >< 6huim ' >f ^ the 
spread will be similar for gap jumping modes. 
In the case of two coupled reactions, we obtain 



Vllc^y(k^(ki)r(k 2 ). 




^^SS^^^^m^^^^Pttda process.; The 
^ a »PS??es; between theJVan^inatrix elements will 



gen® 



?^*°J>e;at beslgp^aL ^ a result, ex^io 
^ nmst be borrowed frbm those phonon modes 

d version of .^ewy rate , Consequently, it shotfd be possible fc^S^ 

timum set of decay ener^ {jkj»}, subject 
straint that overall energy conservation be mainta 
that would give the iargestppssible value for the%ro 
inside the summation otiquatibn (3.5). This^ti; 
would likely have niany decays occuring on^om 
with as few decays as possible loaning" energy to 1 
decays that are margmal qrforbidden. Away from 
optimum selection of deca^ehergies, there would be 
contribution to the suminatipns;;the" reduction in the 



°W&MW&*&$ version?bfct?e % decay 




\V0*iftM2)T(ki)T(k 3 )\* 



T» 'ftiiu^-itot&l' A^v^^^^fonnula must be 

h-j ... "-~ — u " c "umuj^uyuH-iaereauction in tne 

igpmain m which tnbution would by delhution be second order away ; 




ers- of coupled 



the optimum, and this could be evaluated algebrai. 
-using- Gaussian integrations. ~~~ — ~ 

These arguments imply the following approxima 
scheme. Define the variational function 



x ^+E^-|;«i^) (3.5) 

This fomula, summed over all sets of N nuclei in the 
domain of the highly excited phonon modes, would give 
the decay rate for an iV-p.article "burst" . 

The appearance of such high order matrix elements 
in the calculation of reaction rates is rare in the litera- 
ture. A currently active area of research wherein high 
order matrix elements are calculated routinely is the area 
of laser-induced multi-photon ionization. 19 A number of 
methods have prpvenTto be successful in these calcula- 
tions, including Floau^t theory coupled with Rrmatrix 
methods, 30 and time-dependent Hartree-Fock theory 21 
These types of methods rcould be used in the present case 
with some modifications, " 

It is possiWe^relip^es for the present problem 



where A is a Lagrange multiplier. Compute the optin 
distribution of decay energies through 



= 0 



{k} 0 



(■ 



J(k x ; -k^-i) = 



Next, develop a Gaussian model around the optimum 
of decay energies 

^ '(ki • • -k^) = /oc-( k -ko) r -G-(k-ko) (; 

where we have adopted a notation k for a very large ve< 
composed of all individual components for ki - k A 
the optimum for the momenta is now denoted by k 0 . 1 
partial sum J(k t . . - k^i): i* de^^by^tr: " 



r*rt ' * CX \. ■' u. ' -'. ' V. i-^— 



■ _ £ •^^f^^^^^^^®i^^Maeiree:of' : ^ .... 
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(3-9) 

lie matrix; Giis obt^e^b^matc^ 

tiv« ^o^artE^^ ' Wv Tate 

is computed; using 



SBl^^ rate "rates and fractions 



lacking more precise fools to 
will continue to calculate Fe™'s : ^ 
the various channels as singK 

these estimates are only qualitative indicators Jf^^^^ 



questioii: 

"fion^f mafi p^^ 
bestir" thrbugl^^ 
to estimate 'xaSes 'for the bu^i^^ 
presented aix^ inter- 
est to inquire 

would be e^c^ within ^ 

than 6riep« iox 
bursts pr^ia^ case 
of multiple decay "cb^^^vri^^^ 6 - d^g? ™. essen- 
tial physics; Tie distribution of decay products would be 
determined in principle by performing sets of burst rate 
<^culations with sli^tly different wts of decay channels 
around whatever set of decay channels maximizes the to- 
tal burst rate. 

As these models have not yet been studied, we cannot 
say at this point with certainty what distribution of decay 
products should be expected in general. Nevertheless, 
the appearance of each individual decay process occurs in 
the total burst rate formula through terms that are very 
much like those that occur in the single-event version of 
Fermi's Golden Rule rate. One might postulate that the 
burst rate fraction ft for a singly decay channel could 
be estimated by computing the ratio of the singled 
rate with the total of aU possible single-event rates for all 
available decay channels dependent on the same phonon 
• modes r-x •.' ; ; : - :/ 



IV. DEUTERON ACCELERATION AND NED$RQI 
PRODUCTION ? 7 

(3.10) Another dominant decay mechanism for a ^ 

possesses very highly excited gap-jumpmg phononrmod^ 
is Coulomb-induced nucleus-nucleus recoiL For example, ^ 
if two Pd nuclei in PdD recoil off of each other with: Sfre^p 
energy input from the lattice, at least two Pd- vacancies ^ 
will Be created; depending on the details of ihe outconae, 
this process could self-consistently lead to energy: trarisfea&i; 



taking advantage of algebraic G^ii^m^]^P a ti on ^ or " 

We havenot>rr^.b^ ^^^^M this proceS s could selt-consistently lead to energy wa 

rates of >ur^^t J^^^S^B^^ * from the lattice caused by highly excited optical** 

for future:wbrki.There,i8, little ^^iptt;^the excitar ^ ; nmn : ntrSL hM A _ ; nCTftMe the number of 



mode jumping a^bamd gap to increase the nu mber of ^va- 
cancy?- ^opticalrphpnon models. -1... ;Vv-4^ '-^'- :! 



Perhaps the most interesting example of this process is ; 
lattice decay by deuterdn recoil off of other nudei s 'fo:tbe^ 
reason that fast deuterons produced in this way wuld^in _ 
principle fuse with other deuterons inth&4aUlce rest 
in dd-fusion neutrons act 2.45 MeV^JVVe have estimated 
decay rates for deuteronrdeateronrecoil as a function of . ■ 
lattice energy, and usfed these rates to estimate neutron - 
production rates; the results are quite'interesting, and are 
not inconsistent with some of the experimental claims for 
the production of neutrons. 

Fermi's Golden Rule applied to lattice-induced deuteron- 
deuteron recoil gives rise to the following rate estimate 



2/x 



-4 L) ) 

(4.1) 



where Id is the binding energy of a deuteron, R 2 jK| 2 /2^t 
is the relative kinetic energy of the two deuterons that 
have recoiled away from each other, and the potential V 
is the Coulomb interaction 



V = 



fy. |Ry - R;' 



(4-2) 



El 



(311) 



Suf^h a formula migt& lx^ 
f^^d&rto 
absorption in the l^i^ 

plwten>^^si^ur - ^^^^-^<^.-__,^-^-^ ^ •«* 



The arguments of Section II can be used here ^^-^f*^^^" 
energy transfer from the lattice is dominat^^t^^^^^^ 11 



quency shift of higidy excited g a M^P^§ : P^^f^^ 
We focus on tie: matrix element in ' the^'Sse^K 



merit of ;the fciirraiwpuld' 




^^i,: ; r,..v. coil of two speofic neighboring deuterons, 
i^^p^^^ll^^the Ctoul^ can i>e^wfit " 

a^^^^^^^^phonon' ^B^?v ^ - : "W^M^m 
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V^^;^^^^te^^^i^!^^liio<ir vHShijiformula &e final stik * /,> . ■ : i: - 

"^^^^^^^^i^.-into a piece re- deuterons rf Mr £.* 7 <■ m0mentuin ^wee, 
sp^Mft^^piin^-a^t^r^d a'p&e'con- " 3?^ ofAK : This type of approximation^ 

• ^^^32§11& fusion r^t^J^^^^^^^^y^^ 
< * * v "" ,;w L 1 - ' 



it is very likely a much better approximation in the 
. ot recod smce the recoU matrix element samples c 

< »i(^^r#/1(||^:l'Cf*li^ii,f«.) >• •• f largCr mt «- deute ~a separations; the recbU 
«■ ' -^l^i^y:^rmm^ l{q,) ^44) tn f K elemeate a PP«« to be far less sensitive to varia 



5? -have the 

^ f ^«Wft*^ «4ergy^ons|r#d^ this type of 
'^ tea ^^^^^^0mS$he last two 

for the ^:PS^^»fr^s^|^^^^ of 
which evaluates- a^pra^itely to ^ ^ 




0.010 0.100 



1.000 10.000 .100.000 



6(2Io+fiKf/2(i- <n>< h6u> >) 



(4.6) 



Uoab Energy Transfer (K«V) 

Figure 6: Decay rate. f .. r .Jouteron pair for latt 
induced Coulomb recoil. 

It was convenient for us to evaulate the reaction i 
using a coupled-channel model, which is an improvem 
over the approximations discussed above. In this mo< 
the unperturbed ground state radial wavefunction 
computed by solution of the unperturbed radial Schrod 
equation 



This formula assumes that the recoil is sufficiently great 

to insure that deuterons are truly irreversibly removed W ar- 

mula will mean; that?iu^r^u:iwm be v^ only for an TA 1 

energy transfer exceeding ^ f 7(r) = e" ar \—-b\ (4 

dep^^^^^^.^^^^ f h 0886 / a o and b = 2.630/,. The ccntinu. 

Fcaueni on toe ic^ che^c^ ^virqnment, since a channel was computed using 

arge recoil can piUrpc^ ^henijhe deuterons are close 8 
together, .Foc\umg:^tn^ 

■■- .-- r:^mS^WV^^m^^m^ L : object to the boundary conditio* ' •■■ ^^0^ 
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i^^; ^^J^i^k)p ^ (4.i2) 

J^he ^ulte of this,c^c^ 6; 



fewitii loss of the 

J|^teix^^ produce ah 

"neutron^raU^;The' -results are 
||[&ojm ©}Figi^: 7V^kpirig\iii : -^jd'sihe discussion of 
pS^tiqi^ -fiat electron 

%xilts; whifc^^ 
|£ttn&&i^ 

^^euteron^jpotenti^ TilD^^^^mpetition will 

^wger^netrtrp^^ 



reactions beta d^ysfoU^ 

tbedry outime^l iix Sections 2 and 3. The Fermi's Golden 

Rule estimate for a lattice-induced decay is 

y lier e J 12^1? ^"tfie p rot ility ItHlat tke recoil is si^cient tcT 
irreversibly create a vacancy ] and where Tq(AEi). is the^ 
fate Computed assuming that an energy &El is trans- 
ferred from the lattice. We have computed lattice-induced 
decay rates according to this estimate based on the fr 
theory discussed in Ref. 23. ; 



.;;t;.«ii4 
.'J.ijt-18 
^ l.e-22 

i 

1 l.e-28 
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Figure 8: Lattice-induced electron capture and beta: 
decay rates for the .Pel nuclei. Curves, that continue to rise 
decay; curves that are lower aie electron capture. 
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Figure 7: Production rate of cta-fusion neutrons from 
deuteron-deuteron recoil followed by fusion. 

For completeness, we estimated reaction rates for the 
rare process in which the Coulomb exchange causes the 
two initial recoiling deuterons to fuse with each other. 
The resulting rate is observed to increase by about thirty 
orders of magnitude over the ground state D2 fusion rate, 
but in our calculations did not compete with the deuteron- 
other-deuteron fusion rate given above. 



As a function of lattice energy transfer, the first decay 
to occur is electron capture from I05 Pd to 105 Rh. This 
may be interesting, in that the first two excited states 
of 105 Rh occur at 129.6 KeV and at 149.1 KeV; emis- 
sion at these energies is claimed to have been observed in 
glow discharge experiments at Luch. Gamma lines pro- 
duced by the decay of 105 Rh back to 10S Pd have also been 
claimed in these experiments. 7 In Figure 8 is shown es- 
timates of the lattice-induced electron capture rates and 
beta decay rates for the stable Pd nuclei. 



&0; 



yfe i&fe thus far discussed- tjfedecay of a highly ex- 
||^dt^ The lattice 
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ftfe^^^sli^:^ 3 * ^^^unstable ag^t tete decay Dr^irf'^ iu- j • * j 

5# -fc^^more rapidly witlrextra energy input fromlhe ? - - ^ * e do ^ nate de «* channels 

^^#|^^^S^ udled the ■«j»ncenient of the-beta decay of DISCUSSION AND CONCLUSIONS 

y^l^^gp^i vAg through this mechanism. As expected, no ^ ■™,. L ; "i^- ; • 



^rp4>^^pto-. Ag through this mechanism. As expected, no 
^Isi&^^hanc^ment occurs until, the recoil becomes sufficiently 

k^lm^fy ^ does not occur until about 950 KeV. At 
„ - this energy; one would expect to observed characteristic 
- S^^^Fission from excited 107 Ag at 93 KeV. 

'^'■"'■'h^^^'.^ ee V be enhanced through this type of 

;' ^Vimedaiun, and lattice-induced electron capture on ?He 

: ; : K^^PimapJe produce tritium, although precisely which 

vacancy impurity bands *He decay would involve is not 

• :>^^ r ;.9?->:* hi » P° mt - The rates for these processes are 
.•'^ashown in Fijrure 9. 

ilfel A ftCE-INDUCED- ALPHA DECAY " 

^^becbines an avaUable 1 decay channel. The analysis of 
lattic^-induced alpha decay is particularly simple, in, that 
.the .decay always provides sufficient recoil for local va- 
cancy formation. We have calculated the rate for lattice- 
induced alpha decay of Pd nuclei; the results are shown 
. itt:/Eigure 10 The first isotope to decay as a function ; 
of energy is I02 Pd; energy transfers in excess of about "5 
Me V are required for this process. 

•1.t*20 



We ^^P^^.t^ » new theory for lattice-in 
^^0^0^^, fo be driven byThkh 
at^ gap-juifiping phonbn modes. The reaction n 
nisms disci^ in this work were motivated by the 
recent daimes ;6f bbservations of anomalies in Pc 
<jther met^ldeutoidesi and in metal hydrides. 



k M dominant lattice 

nudeus-m 

recoils; in tHe <^;bt4eute dd _. 
& low levels i^ pi^c^d^The reaction rates \:om 
for this pro<^;w^tHeo)rrect order of magnitude 
c^nsM^ent ^ neutron 
sion, at: low, latti<^er^; ba^^ below that at 




Order ct curves u: 
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Figure 10: Lattice-induced alpha decay of the Pd 
isotopes. 

Larger energy transfers can lead to more complicated 
decay channels; for example, proton and neutron decays 
turn on near 10 MeV lattice energy transfer. We have ex- 



}■ Fa^^tronVonissfon feugh Coulomb induce 
coU % ^redicte^ : t^ be a dominant process, at lattic 
ergy tranitfer where the^udear recoil is strong enoug 
vacancy creation.. There are currently relatively fe 
^ rte °^^-?!^!?iy^pn#fast electrons in cold fusio 
primente. yEa^^ predicted startii 

relatively low energy^bansfer (a few KeV) from deur 
recoil, and at energies^starting near.l"MeV for recoil 
Pd. In the case bf 'tie stable Pd isotopes, this pr< 
competes with all beta decay reactions. 

We have studied neutron transfer reaction median 
elsewhere 12 - 24 - 2 ^ a route to heat production. Altbx 
we have examined neutron transfers from 105 Pd to 
with an energy mismatch of 156 KeV, a more recent ; 
ysis suggests that this reaction will be suppressed di 
selection rules affecting the Pd transition. There are 
candidate reactions that are perhaps more promising 
ative to the selection rules: neutron transfer from 29 J 
Si (producing M Si and 30 Si),at 2.14 MeV; and neu 
transfer from ^Si to 10 B at 845 KeV. In the case oi 
light, water experiments, neutron transfer from 62 N 
2 Si has a mismatch of 12 KeV. 

The generation of high phonon densities has not 
been addressed. We are considering seriously the p< 
bility that D 2 desorption from the metal deuteride ir 
face produces phonon gain when exothermic. In the 
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ABSTTiACT 



1 the coulomb v;bamer that normally prevents nuciea| 
. Jr^ctign* ^ Wvy^i ^^rv^amre can be o vercome in the solid 



ft*. " • 



Qii^ studies of hydrogira^.^rid 

deuterium (D) inside and on the s^acw;;pf;fOTMtion 
met^ indicate tJiat may occupy waverlike 

band states (H and D ion band states) analogoiw to the 
electro* band states that are responsible for making metals 
conduct ^. Whai these waye-liia ion band sta^hecoaie 
occupie I, fusion involving D+D-> 4 He without emissi >n 
of ganuna rays or other high energy by-products «m oca 
provided a number of conditions are met. We have 
previously identified and used these conditions to predict a 
number of important experimental results that were 
subsequently observed. In part 1 we examine the 
underlying justification for believing that ion band state 
occupation can lead to nuclear reaction. We show that 
under l ra^le"cr^tibii assb^tirf with the underlying 
electronic structure, ion band state occupation may lead to 
wave function overlap between a small number of 
indistinguishable D*\ These conditions appear to be met 
as x-» 1 in PdD x . Then, ion-ion correlation effects that 
result from coulomb repulsion, which normally inhibit 
overlap, are not present in the ground state wave function, 
provided the number of indistinguishable ion band state 
deuterons is very much less than the total number (N ce ll) 
of imit cells in the crystal, and the crystal is sufficiently 
large: Ncell > 10* In part 2, we examine the implications 
of the ion band state fusion scenario, including a summary 
of important sdection rules and reactions which follow as a 
; ^ b y the physical 

^lirmtinwr^ ^iv -1? 



steteiOTvirormenC^ 2) a belief .that ^y-ray and &gE^ 
go^^jM^ must inevitably ^n^y ^ttfcf 

r^^^pf^ '§ 
the inoit p^b^ra ftsbdief in cold fusion Mthe evident • v 
for the re^t^^f J thd <cold fusion heat effect Nonetheless;- 
it sh^ wth^ a belief that 

mfinstr^^^^ the coujqmb barrier 

problem a^-iai^lii<md6 radiationless emission. This 
paper presents ^t^te/jpv, based on ordinary quantum 
mechanics, that explains not only how the coulomb barrier 
can be overcome in a radiationless manner and why this can 
be done us^g th^prbcedure developed by Hdsdnriann and 
Pons 1 , but also why this procedure leads to unexpected 
products, modes of energy release, and other effects that 
have teen observed. The underlying ideas behind this 
alternative' view are closely tied to the known electronic 
properties and structure of palladium deuteride PdD, and the 
governing rules of bound (as opposed to unbound) systems, 
and known effects associated with periodic order and the 
exchange of identical particles. 

In the resulting picture, cold fusion is the result of a 
relatively srhall number of D + occupying wave-like 
(Bioch function) band states. Once this happens, as a 
result of the behavior of indistinguishable particles, these 
wave-like D+ ions are free to overlap each other and fusion 
can occurs An imr^ that the D+ become 

delocalized as i restiltlof Occupying these states: The 
associatedniM^ Th ? s 



J'l^—,--v„ — , , ,„...__ 

Aiso^^NMyi^ 



vWfiibfi^^lffe^ particle 



" tM^^^iSr^^^sed tbfyacu^tube. 




iDE€;<-<i994 



Chubb and Chubb ROLE OF HYDROGEN ION BAND STATES 



^g^?i^DSi<m band state occupation: sfioi^ 
riteqom^^ limit that x^l in PdD x . 

^ i^^^P^fint examine what we b^eye to > 

^ j^^^^tBing a coac^eexan^l^we explain 

feNP^PPt^' foe* on •sy^reTtfeTtg-'y 
a v •-^^f§ay n d. our conclusion thai ^ quantum 
^^S^SS^em ^cati ipotentiaUyal^p^df- 
^^^1&j&"maaiier Ifaat may significantly af: :-ct 
TOsabiHtief%j(» niiclear reaction. We also , explain 
pzcubm '^mizatibn precludes the possibility of 
fusi6ii|b^^een chemically bound P or in D2 
jglesi : ou^tpe same principle m ^S^ to 
iomtete'^ imder suitable drcunis^ces intidear 



iieacabn 



^w^b^ween^D* ions within a sufficienUy 



^^ugdi^lered solidas a result o£:ipni>and .-^^e^eveftfaat^e^oveBiing^c^lesb of 



m ^^^^^^M^:va^dct o{ the|paper^we 
^ji^ tJie^und^ng lmplic^ and conditions 
^^^i^'^ui^Sfifl'-sble occupation and inaction, 
f^dulng a ; sun^ify of the important restrictions and 
g^ele&on rulM*assdciated with potential ion band state 



cie&ated nudear reactions. 



m ■ 



S fl; FART 1: UNDERPINNING IS OF EXCESS HEAT 

icpUD fusion™ 

. ■ ■ A. Evidence for Excess Heat 

Before exploring the theoretical aspects of cold 
fusion, we briefly consider the evidence for the reality of 
cold fusion heat. There have been many observations of 
excess heat in electrochemical system experiments. 
Among the hardest to refute are the observations of 
Fleischmann and Pons during temperature excursion 
events in which water in their electrolytic cell boils 
away. 1 The energy balance observed in their temperature- 
increase event published in Phys. Letl. A is: 

• ; Heat of vaporization of 47 cc E>20: 102500JinlO- 
minute boil-ifry period 

• Concurrent electrolysis power input: 22500 J 

• Missing heat (cold fusion): 80000 J 

^e missing heat corresponds to 197 eV per Pd atom, 
v possiWe^ftom 



Barrier: Guiding Principle 

There is considerable conunoi: ground among 
physids^c*^ ^ 
Kxpiran^^ thiwir^ t&cold fusion heat 

effect ^ how '* c 

codomb?barrier . is overcome and why fusion is 
radiatibA^kl^iudear reaction to occur there must be 
wave fm^^ overiap of the feedsto^ component^ and 
also wive^undtion overlap with the; product. There is 
^ o^^i^r ihflif in free space thfo overlap can be 
explained i^tterihg theory, wlucfi^royides transient 
overi^ea^^ 

hand thtireii^ w to 

how one in^y ^ in appl^^e principles of 
physics tn bound systems . It is w^^perea^hasizmg 
tlmr^e^ev^^^ of .bound 

system (as provide 
the apprjbprk^ cold fusion 

and that thisf^ has bem 

The applicable iules of physics for ground state bound 
systems awttiat^ 

are fully cofi^ned in the system wave function that 
minimizes total systein energy, 2) the wave function is 
constrained by the natural boundary^nditions of the 
environment, and 3) the rules of boson or fermion 
exchange symmetry (or anti-symmetry) vtlwt hay? been 
found to apply differently to sets of distinguishable and 
non-distinguishable particles must be included in an 
appropriate manner. These principles underlie the physics 
of atoms and molecules. They are the basis of atomic 
physics and quantum chemistry. The energy-minimizing 
wave functions have particle-particle avoidance terms, 
called correlation terms, which can be, but need not be 
required to restrict a specific particle A from bring present 
at a point in space when particle B is present In bound 
systems near room temperature the amplitude of these 
particle-particle avoidance terms is determined by the 
energy minimization process. An important point is that 
in bound systems, system energy is unstrained to be 
finite. For this reason, ener^ minimization pm 
always apply (often with unexpected results); and canbe 
used to determine the ground s tate >d lp^^^^; 
states. In unbound systenW*^ 
not constrained to be; fini&^ 

tie more appropiiaie-api^ch ^J^^^P^ 
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Hgyl23^Pii^^-Qf heU^; ground state jrdectronj^ on the surfac es iof ,2,spheres for 

^Mci ^ the peak vaTues, which oaairi when ' 

the 2 electrans are on opposite sides of ^ ttie xiii^^rHad^uses a cusp at f j2 ^= 0 to compensate for 
the infinite dectros^ 

electron-electron ovelap. If the electron had ^ 
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C. Tfe Ildimn Atom^ai an Example of a Bound 
Physical System ^ 

A good example of the physics of bound systems is 
provided by the calculation of the 2-body wave function 
that describes the 2 electrons of the ground state helium 
atom. 2 The Schroedinger equation for the helium atom 
(simplified by taking the nuclear mass as infinite) is 

- tf 2 /2me [Vi 2 + V 2 2 ]Os6l,r2) + [<?/r 12 - 2e 2 /n 

where E is the ground state energy of the 2-eiectron spatial 
wave function 0 s (n»T2) for the zero-spin state, and xyi = 
1*1 - -I2L 0 8 (hJ2). a <D i(ft)®2(s2) + <X>2(ri)0 1(17) is 
symmetric with respect to interchange of 11 and 13. In 

this equation the - l 2 /2m e [V1 2 4 V 2 2 ] ® s term 
represents the kinetic energy of the electrons, and the 

term represents the potential 
energy, ^thc^^lri^ <3> s term is the 2-dectron coulomb 
ipfctenn which results in correlated avoidance 



deterimne^a/^equence of y Electron wave functions xiifr 
j^-u^a^ use of the elliptical 



configurational coordinates of the 2 electrons that appear 
in the Shroedinger equation; namely amitf^&> three 
independent elliptic coordinate variables s; u derived 
therefrom. He also njade use of the symmetric: spatial 
exchange symmetry of Indistinguishable fermons with 
anti-parallel spins, which requires that candidate solutions 
be even functions of variable /. His third approximation 
is 



<D s =e 
where 



1.82 s/b 



[1 + 0.29 u/b + 0.13 fil&l . 



s = Iri 1 -h Ir2l 
/= Irif - fr 2 l 



1/2 

u = ri2 = Iri - 17I = (In |2 + ! r2 |2 - *2St$\t$ Cos8) , and 

b = Bohr radius of hydrogen = 0.53 A 

Consider what the Hylleraas solution teUs ius aboir 
particle-partic^ 
IJj^OTas ^Iution is ddi^ 
deSre^^tn : rl & * k } w^ 

dectrons from the nudie^, i;e^;^ 
yel^ftpn-eiectrorir 
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aas & approximation solutio#^uie sm^^a ; 

riadon of meanrpUtiideofM^ 
JangleAbetw^^ 
g£ bgivdi in Fig^ m^f^^^i: 
^ tbroagh a imnimum at q=# 
gt ri2 ^o:;. ; The wave f^<» amphtoite^^*^n ; 

S fazed to its value at ^^^y^^oir^^pof 
^ electrons being onoppbsite sides of ^radeus^ 
Ice the wave function amplitude at tn^twp^njs is 
Jt much different, the Hgiire;sh6ws that tfei^ons 
t tfae helium atom have substantial werlap; ; ^;Otner 
s> if the electrons had '&e fusion capabdity of 
s, they would fuse. ■ .-. . , . • ••'.« : i '% ' 



ip;. Wave Equation Singular Faints 



^OM behavior oTflie 2dectrons^f^eUurn.a^^ 
illustration of the more general behavior ofpattacteir^ 
bound systems. The more generaTScbro^er-^uation 
II electrostatically, interacting particles in an external 

' ' Vext is . , 

§p/2m ^v^it^+v^mnM/ ' : ' ' 

•• • i i.j . •_• 

= E<5s^l / r2U. r N0 

grhererij =lrj-rjl- 

llie e 2 /rij terms in the wave equation go to « at qj =0. 
fefowever, because the system is bound, the Rvalue E 
Is always fhnte^less than zero). This means that both 
J-the right andleftsides of the equation must .maunG^c. 
H(For unbound systems, E need not reman fimte.> ms 
^ 'means that at ^=0, because e^/rij - ~ either 
^s(ri r, .r*) = 0 or Z V? O s = In the latter ease 
Pti v r , r 2 rw) has a discontinuous derivative at - 0, 
ii e. the wave function has a cusp at ^ = 0. ^practice 
iNature (i.e. energy mirdxmzation) makes use of both 
possibilities. If the kinetic energy terms -b^m,^ V» 
iOsXriO dominate the energy balance, Nature uses cusp 
Solutions; if the potential energy ?erms domuiate, Nature 
|£o£ the wave function at-i^O; .Howey^the 

^tuation for tm^^m^^ 
Jlectrons ini me hehumt^^^^^^ 
irolecules m is tfie;xleuterpn^^j|tt^ 
! mass me^#in|fi l »^^ir < ' ,w 
iotance "pf jJh^T ^ 
T^'ie^ciiotf 



don is ios3x^i^0 



mm 



^jiffe^^ha^fpr 



^IlTmction and no fusion is posablj^ Cj^ ^^^l 
also applies to any possible mterstitiai D2 ccrfigination.) 

Since interstitial occupations of ameial lattice by D 2 
^ unable to fuse, the cold fusion heit pbse^ations 
^requir^ that the D be in some other configu^on^jve 
now sh^w that when D+ is in a delocalized Bloch : function 
configuration, overlap can occur and fusion becomes 
possible. 4 

E! Bound State Systems Containing Band State Ions 

The physics of bound solid state systems depends on 
the same laws as the physics of molecules. If one 
considers a Bloch state D+ population in a microscopic 
cratafcresembling an atom cluster, no D+-D+ overlap can 
c<^ b^Use the potential energy ^omb repulsio^ 
trrm & th.r wavgrebuatipn qpininates the kmeuc-energy : . 

"ierralnlie^ 
: in the functibn. just as it dpes in nprmal D2 
molecmes^bn the other hand, Bloch states have tie 
inrportant property that their amplitudes are periodic 
functions of the underlying lattice. This means ihat m a 
perioaicatty ordered lattice, if the band state I>+ ions are 
spread out d|er successively larger crystal a as, 1^ tf 
rLil is increased, th* amplitude of each sing e particle 
wSjji^tion decreases, and the importance of the wave 
equation coulomb repulsion potential terms decreases 
relative to the importance of the kinetic energy terms. As 
Soelow, trusbehavior means that wav^Juncjiaa 
overlap occurs and fusion becomes possible. 

To pursue our argument let us first look at the 
potential energy reduction that occurs as a result of 
hitroducing nodes or cusps into the wave function in order 
to «m<* tlie amplitude of the wave function when ry=0. 
The particle-particle avoidance interaction reduces system 
potential energy by AEpot 

AEpot= l/lJJ^lOcorKr^lC'co^'IrVldrdr' 
- 1/2 jje 2 10 (r)! 2 lOCr'^/lr-r'l drdr* 

where within the many-body wave function 

O is a single particle Bloch funcuon without 

correlatioii terms, and , . , 

i S^ is a correlated single particle funcUon.to also 
^rl^^iBlochfunction syrnmetiy rM is.deriyed mtfrry 
^^^^ ghich respite ur oir^ ^|r 
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The partide-particle avoidance increases system Mnetic 

energy by AEfce *" \ " 'Z^^C-'^ 

• i .. **■■.-. 

where - ■ /•■-•>^'.. ; .* :y/ 

VO -is the gradient of the wave function without 

coirelation terms, and .->.^4s^vv. .•■ ^Mv 1 ^- 

VO corr is the gradient of therwrreiated wave 
function with rjj avoidance terms (nodes or ausps). 

With increasing N ce i| bothl^ 
1/Nceii- Since on a per unit cell /ba^^^^t ^ 
AEpot decreases 



Then, at large N ce ii it f olfoyre tha^^ 



AEpot- This resulting dominm^ 
potential energy in the ^p^£i^ 
controlling particle-particle ::avoidan<^^ 
energy is minimized": -in' a^simifc 
kinetic eneregy dominance leads to enCTgy rnimniizat :on ,- 
and overlap of the electrons lot thii:^ 
atom. As a result the mmy-parUd^ aiergy-miriimizi -g 



wave function has only a smalt - 
wave function curvature, and has a ui^pw-cusp at r|j=0, 
i.e. particle-particle overlap is almost complete. .\ : ':") 

As discussed in the next paragraph D + ion band state 
fusion energy is released in a distributed foluqn. 7;The 
comparison between the D + ion band state picture 
including nuclear energy release and the situation 
involving the balance between kinetic energy and roulbinb 
repulsion between electrons in the helium atom is 
especially meaningful provided the distributed nuclear 
energy release per unit cell is of the order of the 
characteristic D* vibration energies, which are in the 0.01 
to 0.1 eV range. Since the distributed nuclear energy 
release = 23.8 MeV7N ce n, this requirement is^that 
N ce ii >~10 8 . Since the kinetic energy term in the wave 
equation relative to the potential energy term is reduced by 
the order of 10 4 in going from the electrons in the helium 
atom to D in the D2 molecule, the value Nceii =1Q 8 is 
much greater than that needed to mbet the ^ 
D+-D+ overlap. Thus with Nceii =1^: * e ^^al 
overlap requirement for -D* fusion iff ^ffici^^^j« . 

F. Why Ion Band State f^cml 



...■We now .consider ;wliy^fcion Aand^tatefgr 



roduces no^YrraysyOr ene__ w 

between* band state occupations makes^oniy^ 




is because, when both the reactants and products of the 
potential nuclear reaction occupy band states, only a anSl 
fraction of each reactant and product is located in each unit 
cell, meaning that only a small amount of each reaction 
occurs in each unit cell. In contrast, high energy parole 
and y-ray emission requires concentration of tire available 
energy -into a small volume. At the near : ^i<S&m 
temperature conditions used in cold fusion studies 
concentration of the available energy into a single unit 
cell by incoherent or coherent processes is statistical!} 
impossible because of the large entropy cost associated 
with accomplishing this process. 

G. Where the Energy Goes 

The small amounts of energy made available in eacl 
unit cell by the 2-D f band ~* ^ e++ band reaction should 
- be-able-to-excite -phonons y . either -th erm all y (t h ro ng] 
sidual electron-ion interaction), or at the-boundaries o 
the lattice where periodic order is lost The large densit; 
of states that is provided by these processes is responsible 
for making the nuclear reactions irreversible. -At ^ lov 
temperature, phonon generation occurs primarily at th 
boundaries of the crystal lattice, where periodic order i 
lost. In these regions, the electron-ion interaction i 
dominated by the requirement that the "spill-out" dipol 
layer associated witfc electrons near the surface and th 
surface ion band states adjust themselves in a maimer the 
is consistent with Gauss's law and the applied electri 
field. (In the surface region, as opposed to the bulk, it i 
possible for a net distribution of charge to be preser 
because there exists a net electric field flux into and out c 
this region.) 

Although this readjustment process is dominated b 
the behavior of the electrons and the associated electroi 
ion interaction, it is possible to identify a prospecth 
ground state ion configuration in the surface region that 
consistent with the arrangement of electrons. 1 
particular, at the surface, although three dimension, 
periodic order is lost, at low temperature, it is plausib 
(depending on loading conditions) that two dimension 
order (defined by the lattice structure in planes parallel 
the surface) will be present Then, the same kinds of i< 
band state (as well as electron band state) consideratio 
apply except that Bloch symmetry in this ; case appli< 
only in directions paraUel to v the ; suif^^ 
non^ 
-ni^l^dp« 
Schj^ 
■? thajj^ 

j Ma^ tw 
dimeriisid^ 



aggieSctric field flux is r non-vanishing), and 
.decays in diretfionsjro^ 
simil ar to the exrxnjjo^ 

state Sidhnxduigie^^ 

extreme low temperatoe^mit it is plausible 



at phonoiw w^ long 

1 ^pjkmaMw ^M^^^^^dns of 

^Tn^is because th^e^phoi^^ 
ititough small fluctuations 1 in the electrostatic 
ie average value of the chemical potential), 1) 
t^siaisitive to the smaUe^^anations in charge 
fa^jegion; and 2) can alsd 
^^^^oqated witi ^ 

^ large 

MSnl|^^ 

|o^^ through the volumetric stress 

^^^^^9^ °* energy^rejease associated with 

^^^^^tcffi^^trinss) than the cm^ 
fOTg.wavd^n^ acoustic phonons, each fusion includes 
^effective softening of the ion band state in the zero- 
: motion of the ion band state material (owing to the 
;maMofthe^e 

^Iqn Band State Matter as a Matter, Held within a 

^•''^HbstLafifice 

^^Limitations on cold fusion possibilities are 
^determined in major part by limitations on allowed final 
Ystate wave functions. To the extent that the coulomb 
^barrier terms in the many-body wave function have 
vanishing amplitude, the ion band state approximates a 
|non-relati vistic quantized matter field 5 restricted to a finite 
fcplunie V^^^FbraD^ potation the 

Iqiiantirm of mass is 2 AMU f i.e. the matter content of the 
Infield can only increase or decrease in discrete steps of 2 
SaMIL Within die matter field there is concurrent action 
|at a distance, as required to resolve the Enstdn^ Podolsky, 
%aM. Ros en^arj^^ comr^ej^^ 
fquantum m<k4ianics. /An '.important pcrint''is>t^&acm 
ad state r^cture: only makes sense if: jlie|^ 

iveiG^ 
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time scales. -'T1us : rreqmremrat^ places important 
constraints associated with the underlying electronic 
structure on the Idridis bfe where ion band 

state matter will form in a manner that will allow for 

^jsqjprec^ •*■' *'■'•/■• • • >"^:vV^V-y 

The physical system includes the crystal interior 
lattice, the crystal surface boundary region where periodic 
order is lost, the interior ion band state matter field, 
arid the matter field's surface stress region within which 
the band state matter wave function transitions into a 
decaying exponential, associated with the negative kinetic 
energy region outside the solid. The final state consists of 
bulk-like ion band state 4 He^,-wMclv depending on the 
temperature and degree* of crystalline order in the surface 
regiorp may match onto any of a variety of functional " 
forms, in the surface region. In the extreme low 



te mp era ^ states . 

can match onto localized surface states provided adequate; 
crystalline order is presoit in planes parallel to the surf ace. 
An interesting point about this case is that these ion band 
surface states in principle can couple coherendy to 
electron surface itates-(cxx?upied by the host electrons as 
well /as bjj^ 

band state D + )k a manner that could preserve Bloclt 
symmetry in planes parallel to the surface. The 
significance of this form of coupling is that neutral or 
ionized 4 He could be ejected from the solid in a coherent 
manner, leading to a Bragg-like diffraction pattern, 
rerniniscieat of the diffraction patterns that are observed in 
low-energy 4 He scattering experiments. In all cases, the 
large strain energies (and propensity for cracking, etc) 
associated with multiple occupation of a unit cell by 
either D or He in a non-ion-band-like form, inhibit the 
final state ^He^ from occupying or coupling to non-ion- 
band-state 4 He in bulk regions. This is the justification 
for the prediction that we made! 4 ' 7 prior to the 
experimental measurements**^ that the 4 He product 
should be found primarily at low energy and in regions 
outside heat-producing electrodes. 

I. The ReactionProcess 

In the above, picture there is no intermediate 
observable state /between ejection of a normal 4 He ++ 
product and annihilation of 2 deuterons in the matter field. 
The norn^ as^ophysi<^ f actors ".. affecting fusion rate 




last reduction^ a£^ ^r?^?^^ 
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^^^-^^^^^^ . , . 

■ ; '■''^'SfiiMir^jB^g^fo^t'.rM^ 'ifiLat^ by inlfSauang a constant 

"w^^^v^A H (or a constant magnetic field H 

feraiu ^ ^ oscillating magnetic field, 

as^fe to 

parallel to 



j^pnti-alligment of jspms in directions 
:pe^^ to note that 

tfie3^^ ion band state form provides a 

non- 

:nu^ state D + is 

magnetic) in a delocalized mannCT that periodic 
ov^^ ^e ^c eiso shown 4 * 10 that for low 4 He ++ 
concentrations^ : the fusion rate is proportional to the 
concaitnuioii^ 

it also is^tr^^ai reductions in periodic order inhibit 
fusion* cK that the 

processv of p^ which is enhanced by 

-preferentiatty^prepar^ 
wmca^eq^^ states are 

ocaipied^n^^M and 
magnetic order m^ the 
fusion process. 

^s picture 
conforms^Mithe^requirement of Bom-Oppenheimer " 
separahilify of the fast nuddu\reactions*-with respect to 
the slower electrostatic interactions that affect only the 
center-of-mass coordinates. The nuclear/zero-point- 
motion volume jratio y n uc/Vzp enters in as described in 
our 1991 Fiision technology paper 4 . In contrast, 
reactions of the type H+-H+ going to a deuteron by 
electron capture or positron emission with emission of a 
neutrino would probably be excessively slow due to the 
required weak force interaction. 



IE. PART 2: D + ION BAND STATE FUSION 

A. Exotic Situation, Not Exotic Physics 

The arguments presented above show that cold fusion 
is not the result of exotic physics; instead it is 
mainstream physics applied to an exotic situation that can 
only occur inside condensed matter. It is the result of the 
formation K d[ r ^6^cJ^p^';of compounds, wave-like 
occupations o:T^^ allowable 
' :, wffiaVch^^ 'sv^pi^-'idLcir 



rcon - ^ band ' state 



D*i6h band state oc^ occur in PdD x wi 

x<l even at lo\v temp^ature. The cause of su 
occupations is tie eiS^^ 

associated with occuj^&i^^fixed number of interstiti 
sites^ 1 1 This terii^i^ 

absorption to become inj^ before the vaJ 

x=l is reached. Equally 

•some occupation of the t|and state would occur at x 
even if the entropy t^; ww iiot included. (Band stt 
occupations are "<^y'roiSr^^;»OT over some fini 
lifetime that is considerably typical tim 

scales associated with ffi^^omiiant thermodynaxr 
processes. Band state ocaj^ons occur only over a fini 
vdun^ Vxtal. where V^^^^^&: a sub- volume of tl 
^tu^ oystal.) The tempered^ excess h< 

prcKiuction reported by Sfe 

activation of ~15 kc^/mol ^ relea 



*slaTS^wEaE we assume 
ion for the 



J^tate^ The prop 
irade that suppo: 




^ . --^ ; -^cnl>^ might 



The exotic diaracto of thfe^ t^ ste 
is shown in pari by the vdy^lifialfc of io 

Calculations ind cate of ~10' 

band stateuD^/unit cell is sufficient to explain observe 
heating rates. Mordo#er, there are limitations on the t< 
end values of x that are compatible With heat productio 
A population of 6 >10~ 3 may be sufficient to for 
occupation of the Pd tetrahedral mterstitial sites in PdE 
which may destroy the periodic order needed for pow 
production. The range in values of x that correspond 
these 5 limits may be quite restricted. The drop 
resistivity observed by McKubre 13 in PdD x once 
exceeds -0.73 is a qualitative measure of lattice ord< 
Only the portion of D absorbed into Pd that increa* 
ordering is important to the band state fusion proce? 
Hydrogen uptake measurement of x can sometimes 
mi sleading since other non-producti ve means 
containment of D exist, e.g. filling of inters tict 
occupations of tetrahedral sites in octahedrally load 
metal, and possibly some kind of LiDJ*d alloyir 
Another important* factor affecting ioii band st; 
formation in the different metals is "hoist; electror 
structure.. : " ' : ^; : '"V-; „ 

. 

^teinattermay^D^oonsiaert 
■aoa band^state matteris?known 
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w adsprpti<^ 
^j^^ ^ many 



S<^RoIeiiS^ Stracture 



_ ^ "4ori band state occupation and 

ii^ state occt^ 

|jposi^ is 

Irole of dectn^ Noraiai ci^^ 

^ ^ tSfavors neatraUtyf (pri^ 

liieutra%^ soUd 
f^te and ;t&^^ 

understand of the^^ 

|£nd detitxom^ FM^^sa^iy ion 



Mediated fra^jca^^ if^jprafi 

5 £siffia^ 11081 

ttin^ wii t|i^ required for 

^OTthrb^fu^^ 
matter must d^ a suffid^y diffuse 

-^manner as ;a«^ with die host lattice. 

In ±e^^'of^\^^^-^ know from neutron 
diffraction experiments 16 the structure of PdD, the 
presence of crystalline order, the location of the D, and its 
characteristic zero-point motion radius, whirls relatively 
large (~0.2A). We know from the excellent agreement 
between a number of first-principles ab initio electronic 
structure calculations 17 and photoemission experiments 18 
even some of the more delicate aspects of the associated 
electronic structure of both Pd and PdD, to a fair level of 
precision. Themodynamic modeling 11 , ami electronic 
structure calculations in {Macular, show : that in Pd[Dx & 
x is increased from v^ura bdw to uni^, (icmical 
bonding involves important hybridization between 
bonding 4d states and anti-b<mdiiig 5s states provided by 
thePd. ,,v ^' J,- ' r u-wv\^ 

In the case of the i^j^th^ jve We, su^wted is 
relevant to 

"an 



;riebtx<bM^ 



have summarized the behk^orsQf therchemcal potential 

with respect to changes m)D4oa^ 

shows: that largeyl^tice .-slj^^a^^cM^m associated 

with D-<x^upation of aM-^tira^£ibnx issmaU, from 

wtt^^con^ 

wouMWa^oda^wiA ' 
more than one D in the limit thtf *^ 
result essentially is tied to the dominant Pd-to-H;bonding- 
anti-bonding -features associated with the 4d-5s 
hytadizatidn identified by Papac^^t^idos el al. 17 . 

An important point is that/iiff^ows from a minor 



generalization of local density th^y^? 
the basis of these calculations) ^ 
small; as D is loaded into PifflD^ PdDi^the 

energy associated with the ac^^ 

concentration (5) of actions ^ !) 

these electrons fractioriaUy occuffi 

states (immediately above th&Pcfl^^ 2) 

variations in dedromc struei^ 

fraction^ ocai^ 

state deuterons. Although it k i^^ 
to impose these last two ;xp?v^ 
rigorously that they provide a:befe^of^^ a 
sdf-a>nsistent local density; ^ ip^xi^tibn i mefrod for 
determining the ion band sta^s in the -limit in which 6 
becomes infinitesimally small, ^s Mnimization of 
electronic energy requires that the added DV be in a band 
state. 

Additional results of Papaconstantoppulos et al. A 
suggest that variations in electronic stracture associated 
with fractionally ocxaipying new states inunediatdy above 
the Fermi energy Ep of PdD probably would not 
appreciably affect the ion band state densities that we have 
used previously 20 ', nor would the densities differ 
importantly from those that would result from self- 
consistent local density approximation calculations earned 
out in this fashion. These earlier ion band state 
calculations were carried out using minimum uncertainty 
wave packets of a characteristic size defined by the 
known 1 6 zero-point motion volume of P in PdD. 
Papaconstantopoulds et al. 17 have shown that, as a result 
of the 4s-5d hybridization discussed /above; .iiear ^ 
electron occupation involves anti-bonding ;&.4to^ates ; 
primarily in regions in th^cimty pf Pd rar|g||^id 
onl^averysmaU(^^ 
<^gb is fouiuiiri t^^ 
point%otion volume in^^pfii^^ 



les 





dissociate from hbs^ 
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enough t6 ailowlifel^b^ fi3^§^^i>^<^i» in ref . 

21, we have usei the nunimum :Js^?^^.--^ c ^ ts 

mentionjrf atave tp det^^^ the 

electrostatic ion-ion self-inten^^ to be ~ 

l<^sii>c^ 

effect assbcii^ 

pot&ti^y-mtera^^ 

scales (~1Q-J4^ lO's of meV 

bandwidt&diar^^ and 
eiectrons;in^<& larger 
than the "-jy|rtca5" time-sc^es (^lO" 22 s) associated with 
nuclear self-interaction. 

It is worthwhile noting in: passing that it is; possible 
to consider generalizations of the above: jncture associated 
with relapmg^te^ 

theory) requiring tl^ bm&staite density 

"become in^^ 
^enaty.j^^ 

state wave imi^ons prpyid^ iieleiptrpn^ 
corrdatibnef^ 

energy. Although in the extreme low ion concentration 
limit, these corrdaUoneff^ 
it is possible that, vat ^ 
electron-ion pairix g^mSm 

energy in a mannei similar to the way ipairinig between 
electrons through phonon coupling to the lattice lowers 
system energy in the formation of Cooper pairs. Waber 21 
has identified this possibility and suggested potential 
nesting features in the Fermi surface associated with the 
fractionally occupied electronic states that could trigger 
these forms of correlation. 

D. Transistor vs Vacuum Tube Thinking 

To visualize the cold fusion process one must adopt a 
different mode of thinking relative to that employed in hot 
fusion and conventional nuclear physics. In hot fusion 
one thinks in terms of collisions between randomly 
moving ions. These collisions are analogous to the 
electron-electron collisions that electrons undergo in the 
electron cloud surrounding the hot filament of a vacuum 
tube. To visualize the^cpld fusion process one must 
switch from thinking about the localized discrete particles 
encountered in "yac^m nihg thinkin g" to thinking in 
terms of the collective action tfthe dd^ 



replaced by the correlation properties of the many-b( 
wave function. 

E How Ion Band S tate Nuclear Reactions Occur 

The physics of collectively interacting wave-like i* 
has substantial implications with respect to poten 
nuclear interactions. Under the rules of solid si 
physics, cold fusion can occur as a transformation 
wavelike deuterium into wavelike 4 He. As previoi 
discussed 4 * 7 * 10 , the energy release from 
transformation involves no high energy concentration, 
no high energy particles are emitted: The nuc 
interactions are governed by a self-consistent, n 
relativistic quantum field theory that we have na; 
Lattice Induced Nuclear Chemistry: : (IJNC)7. UN* 
based on- ordinary non-relativistic quantum field theor 
- it -should-apply to an iadistinguishable epllection of 
band state £> : (also called a Bose BIpch condens 
corresponding to the small band state concentrations • 
D + associated with the PdDi AgE>5, and Ni 
compounds. Energy is minimized through eliminatio 
lattice stress and by the occupation of uh'X>rrelated m 
body wave functions that are constructed from sii 
partide ion band states. The resultiiig j-oteritial nuc 
reactions preserve the requirement that :Iie location 
both the potentialfyyteactive D and the reaction prod 
cannot be determined on the time-scales associated * 
maintaining periodic order. 



F. Born-Oppenheimcr Separability 
Rules of UNC 



and Selec 




Through UNC, transistor-like (i.e., distributed s 
state-like) as opposed to vacuum tube-like (colli 
dominated) rules about particle overlap and tram 
become valid. The mathematical basis for this is pro\ 
by the underlying assumption of UNC and its reactj 
reactions and overlap can occur provided the domi 
electrostatic interactions are between the lattice an 
center of mass of potentially nuclearly reactive nuch 
and not between die individual nucleons. This limi 
occur when amplitudes of the ion-ion correlation ten 
the many-body wave function become small, and pro: 
the time-scales for nuclear reaction are very much sfc 
than those associated with electrostatic interaction. 

z^W^^i^-^iks^cs for partqBSr^ 
are very different than those assc&atedro 
tiie nudeiis w ^pliedja|<i^^ 

n^ of a rapidly 

d<^^ of the 'iiiffiyimM^Ki^w v 
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IS nudciis relative to i^"eealw : 6f 
"^a more slowly varying function tlmt describes the 
Z of mass motion of the nucleus wi'tli r ]i^^ct;to.;tiie 
mlied electrostatic potential. :ji^lh0^c^^W-&f 
ave function i^ refened to ; as ; Bon£^^ 

___Jty, Thisfaara^tion rigorom^^^ded 
leitiine-scalejs associated with the center.^ 
ad the motions of the individual nuclei always; remain 
r different This representation applies SE^tie initial 
j provided the center of mass motioa^^^^i:'^^. T is 
veil-described by a band state. Expressed inlxmu^^ 
_ion coordinates of the protons and neutrons in p-n 
i (r -r ), the wave function of each deuteron is given 



^r„.r D )=^- c ^V ,p h and ( r cm) 



band 



tneaningf^ Because of 

uie re^f&CTtthat the zero-point motions of the center 
of mal£^^ largd, the limitations of the 

repraeifi^to;^ to the underlying electronic 

based on 
PdDx. we 

M ve esu^^S in ref s . 7 and 20 suitable bounds for the 
elet^^ti^fesdf -interaction and nuclear self -interaction, 
where ^ej) 



yjbere ? n uc is th^^cfly varying nuclear w^^ctipir ; 
fjtjSiai describes the probkbilty amplitude of find^ a ^oton 
- "lor neutron within a small volume center^ at^ut the 
Renter of mass, aid in and r p respectively are the locations 
^•i>f the proton arid neutron. 

The assumption of UNC is that this form of Born 
Jfoppenhdmer separabilty applies rigorously as afunction 
?pf time in all multi-particle fluctuations (governed by the 
^underlying field theory) that are consistent with the 
require that the nuclear and electrostatic time scales 
•associated with these fluctuations remain very different. 
This means that at any time during the reaction the final 
state must be representatable in a Born-Oppenheimer 
separable form: 

0(r l4 ...x m ) = ^ n Jr^ cm ^x m -r cm ) ^ band (r cm ) • 

where TnueCn-rcm r m -r cm ) now describes the 

nuclear (multipie-nudeon) wave function. In refs. 7 and 
10, we have derived important selection rules associated 
with this constraint. In particular, the constraint 
automatically rules out a large number of potential 
reactions. This is because the constraint is only 
meaningful provided 1) zero-point motions of die center of 
mass of potentially reacting nuclei are sufficiently large 
both during and subsequent to the reactions, and 2) these 
center of mass motions must remain independent from the 
motions of the individual nucleons at all time« during 
"reaction/' ■ ' * : • * ' •"Tf^r^f^f^ 

- Because nuclear reactions between dosely, separated 
nudexms m-wiimlB&jaMS^M the \sbmWMoa^my^-' 
/"bfjthe c^ svmmetrv 




shown that separability can be expected to 



greater significance is the following: The 
r Born-Oppenheimer separability must be 
^ ?>y ~ " and during all intermediate 
- fluctuations associated with 
in important selection rule, 
consisting entirely off-D* ion hand 
Lon^f4he>4inal r state-wave 

proton-neutron pairs. 

As <w^1lia^e^t»wn in ref. 10, this rule is based on 

rigorous with; constraining the 

governing^^ the nuclear and band state 

wave other. We 

have demonstrated this using the defining constraints of 
nmoni^l ^ associated 
with ^s^Weni pi constructing a field theory that 
maintains R^-OppeiiheimeT separability starting from an 
initial state consisting of ion band state D + . We have 
previously : ;Sused the terminology 7 * 20 "bosons in and 
bosons but" to refer to the resulting selection rule that 
protcni-neutron pairs cannot be broken. 20 

The presence of unpaired proton-neutron pairs, or of 
unpaired protons or neutrons, in the initial state requires 
that this rule be modified. In ref. 10, we have discussed 
these modifications. The resulting selection rules and 
reactions associated with UNC, both when either unpaired 
protons^ancf neutrons are and are not present, are 
summarized below, 

G. Many-body Wave Function 

The initial state many-body wave function is 
constructed Jfrom a summation of terms. Each term 

= ?1^ the required p^de^ 
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^bari^ti^ derived frcm a' sub of 

the localized wave functions (^n^ multiplied by a sum 
<rf terms associated with the slowly- varying band state D+ 




matter has magical properties that are implicit because of , 
the exchange s^^ that is embodied in the many- 
body band state Wave function- Because each single 
particle band state wave function has Bloch function 
symmetry, when the many-body band state wave function 
becomes occupied, the lattice strain (associated with 
injection of non-band state D into the host) vanished For 
this reason, this^function minimizes system energy in 
crystals that iare^OTffideaitly large, when the number of 
band-s tate D+ is muc h less than the total number of u nit 
deBs^aiid thei^ 

This many-body wave function can also be written in 
a Vacuum tube-like" form, based on a particle-like 
(Wannier state) representation 4 . The resulting description 
is characterized in a manner involving particle-like 
occupations (iiivolving whole-numbers ^ of !>*"); in which- 
each occupation is transient and* possesses a finite life- 
time At Specifically, AE*At~h, At~10" 16 s. The 
partide-aspect of the matter fidd's behavior is shown in 
the Wannier form (analogous to an inverse Fourier 
transform) of the many-body bosonic wave function. 4 



T(E^) = (l/^0 lfl 2(l^^ 

Nd N C eii 
x {n 20 s (r m ) expCik p -R s )} 



m=l s=l 



triple, etc. occupations of specific unit cells, 
existence of multiple occupation terms reveals that 
D*\ or D+-D+-D+, etc. overlap can occur. In other w< 
the algebraic properties of the many-body wave fun< 
imply that overlap occurs. The underlying reason 
this becomes possible is that in the localized, Wan 
representation, occupation of an individual site 
become short-lived. Another way of understanding 
point is that in the "usual" (or vacuum tube) wa 
looking at deuterons, they appear to be Iong-li 
partides, while if a collection of them, occupy ion 1 
states, this particle (i.e., Wannier state) picture 
breakdown because the lifetime of a "particle" at 
individual location can become very short Underlying 
resulting overlap process is this question of lifetime 
the lifetime for electrostatic overlap (as a result ol 
band state occupation) is considerably longer at a la 
site in this _"particle-like" representation than 
comparable "particle-like" lifetime assodated with nu< 
decay, nudear reaction can occur. As a result, a van ei 
reactions become possible. 

H. The 2-body Reaction 

The number of double occupations of unit c 
exceeds 1fae number of triple occupation by the factor 
where 5 is the numoer of band state ions per unit < 
Since 5 may of the order of 10* 6 , 2-body interaction 
expected to dominate. All the reactions inv< 
ddocalized D + ions and proceed as volume distrib' 
interactions. The first reaction step is a revers 
coalescence of p-n pairs 

The reaction is made irreversible by exdtation of 
lattice 



Here {r m } means the sum is over all products in 
which distinct pairs of partides are exchanged All terms 
are of the form 

°2107( r 3?6)""*;' <I) 97( r ll)'" • 

: :, SEi^?icnii- contains 'Nd^^^ 

pf deuterons in the inany-bo^ 



4 //e + +* + lattice -* 4 He++ + lattice* 



Helium is ejected from the lattice either as a neutral 
surface spedes 

*He*+ » ■ 4 He ++ surf ace 

4 He ++ surface +; 2 e 4 He SUT f ace t 




temperature, possibly 
ir ion. Tte s|ra^ iniu 
(Bloch ^^jfThesur 
before being observ 
p-n pairs allows nuc 



l 2Di?*^^^ Pippin of wa^d^E^ 

fvasy be needed to produce 600 W/cd)** 



e- and Mixed-body Reactions 
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outgassing products (prabanl^ 
themselves in the form of a Bi^£^^ 
^irwfiiid 4 .^ that : ti^^i^^^^^^^^ : 



HQther interactions betw 



:ipnat~ 



reactions 



obncentration of final state 



tnggei^g^ i^hanism t possihly^^ifii^ * 
numlw of i^away^te 

been observed 1 . We also find 10 that steady-state power 
density should be proportional to cunent de^ty; v 



and . 



Inhere the small arrows indicate the relative directions of 
|ppclear spin. The latter reaction requires occupation of. 
^both deuteron and protium band states! and has been 
as a possible tritium-creatm^ 



V. CONCLUSIONS 



There is experimental evidence for cold fusion which 
is difficult to explain away. The pcn^r instability js 
understandable in view: of the nonequiUbrimn|^r 
required for a-eating PdD 1+6 and the problemMjc. 



due to differential expansion during Die 



There 



isiea^ release is distributed 

over the lattice, only a small amount occurs in t eich unit 
xell. (As applied to a proposed "normal" water reaction, 
^ncentrations of 10~ 7 D/Pd and 10' 3 WPd may be 
'adequate to produce claimed heat) 

I^PREDICIIONS 

Predictions made before experimental verification 
•include the requirement for ~1: 1 D/Pd ratio (McKubre.et 
; al., Kunimatsu et al.) 22 * 23 , no appreciable radiation or 
neutrons (many groups), and primay products being heat 
and low-energy 4 He in the outgases (Miles et al., 
Yamaguchi and Nishioka). 8 * 9 Cracking, overloading, and 
other* processes that cause loss of periodic order should 
impede cold fusion teat release. 



exists a . quantum mechanics iatioiiale by wludili^^e of 
fusion energy in a solid can occur ^ widioiitjiii^^^dii^of 
: energetic particles. This energy rdease^n^Sml^the 
presence of delocalized wiaveliie D + ^?fflvolv^ k 
volume distributed reaction. J - ^ t ^ > 
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POTENTIAL FOR POSITIONAL VARIATION IN FLOW CALORIMETRIC SYSTEMS 

Mitchell Swartz 
(c) JET TECHNOLOGY 

February 10, 1996 

Although many aspects of calorimeters have been discussed, including issues of potential problems with 
the thermometry (i.e. thermocouples, thermistors and thermometers, as well as electrical grounding and 
crosstalk, thermal mixing and- sensor positioning problems), the potential impact of the positional effects 
of tii¥flow ^orime^ te^ not been menSoned. The positional orientation refers to the direction of the 
flow, and hot to the orientation of any temperature probes therein. Despite the reported advantages for 
flow calorimetry in detecting enthalpy from putative fusion reactions, these studies theoretically suggest 
that there may be effects from positional variational in the calorimetry of such flow systems. Rather than 
'ease of calibration' usually touted for such systems, it is suggested that calibration may be more 
complicated for vertical flow calorimetric systems. In the, absence of additional calibration, it may be 
critical to keep semiquantitative calorimeters horizontal. 

One recent series of reports using vertical flow calorimetry [1,2,3,4] involves the CETI microspheres, 
reported to use a few percentages of the metal of other systems. The microspheres have multilayer 
metallic coats and are used as a distributed electrode bed. The cell is 10 cm long, 2.5 cm in diameter, 
and contains 1 to 40 ml of beads. Electrolyte percolates through, removing the heat, and exits from the 
top. The flow causes a temperature gradient. The observed delta-T, between the top and bottom is in the 
range of 1.5 to 20C (flow rates is 1.0 - 1.5 liters per minute, with the water circulated by a magnetic 
impeller pump, total power consumption -85 watts). At the ICCF5, the CETI cell was reported to have 
an input of 0.14 watts and a peak excess of 2.5 watts, a ratio of 1:18. At SOFE *95, the CETI cell had 
0;06 watts input and 5 watts peak output, a ratio of 1 :83. At Power-Gen, the ratio reportedly ranged from 
1:1000 to 1:4000. 

There have been several complaints regarding the CETI demonstrations in relation to recombination, flow 
measurement, and heat ejection [3]. Assuming the thermometry is correct, it is instructive to closely 
examine the calorimetry using a computer model representing heat and mass transfer. The equation used 
to derive the output, and therefore the presence of any excess her.t involves the flow, the specific heat of 
the water, and temperature differential. Although this equation may be dimensionally correct, it may not 
be valid for low flow rates in certain cases discussed below. The role of the Bernard instability [5] has 
not been previously -mentioned, even thou it may have inadvertently impacted the calorimetry [4]. 

The following describes the result of a quasironendimcnsional (Q1D) analysis which further examined the 
impact of the flow orientation, with respect to the gravitational field, during flow calorimetry. The model 
generated to test the hypothesis examined convection, conduction, and gravity-thermal instabilities. 
Figures 1 through 4 show four groups of curves which show the time-varying distribution of temperature 



in.such a quasi-one-dimensional modcl. The four groups of curves represent horizontal and vertical flow 
calorimclry, both with and without convection. In each graph, the spatial distribution of heat (in one 
dimension) is represented as a single curve. There i&orie curve for each point in time. There is heat input 
from a single point source - at midposition along the x-axis - during the entire time subtended by each 
series of curves. The earliest curves, in each group, arc those closest to the x-axis where thchcat arise out 
of the central point; source. Thus the dynamics can be followed from the graphs generated for the model. 

After the heat enters at the midposition along die x-axis it can be redistributed by thermal conduction, by 
convection and by redistribution secondary to the changes in 'specific gravity resulting from the 
temperature changes (as with the Bernard instability). Radiative loss is not considered in this simplified 
model. The first group of curves in Fig. I, which is labeled "Horizontal Row - Thermal Diffusion" to 
indicate that tlic flow is horizontal to the Earth-' s surface and that thermal diffusion is included. Fig. 1 
shows both the midline exogenous heat component and a slow thermal diffusion away from the point- 
source of heat The velocity is zero; that is, Uicre is no convection. The second group of curves, Fig. 
2, show the impact of convection upon the spatial distribution of heat. This figure shows how the 
redistribution of heat te 1 ^ to generate a temperature gradfent; from a 

sampling of which a calculation is made to determine the output heat (energy). The two groups of curves, 
Figs. 3 and 4, labeled "Vertical Flow" represent the output from a vertical system, both with and without 
the addition of upward convection. The extreme along the x-axis away from the point source of heat 
input, previously 'right' and ■ left- in Figs. 1 and 2, are now 'top* and 'bottom' in Figs. 3 and 4. Upon 
examination of the curves on the lower left, gravity is observed to now play a role in the distribution of 
the wanned water, ft is saliently obvious that because the thermal-driven buoyancy which_also leads to 
the Bernard instability - where hot water rises due to its lower specific gravity — the quryes in Fig. 3 do 
shift in position away from the symmetry exhibited by horizontal flow calorimetric systems even in the 
absence of convection (compare to Fig. 1). There may be, for such conditions, an apparent "signal" for 
zero flow because of the thermal instability, which simulates the effect of flow (the group of curves in 
Fig. 3; compare to the group of curves in Fig. 2). The addition of convection produces additional 
contribution to the heat shift in the vertical flow system (Fig. 4), quite similar to that which it does for 
horizontal systems (Fig. 2). 

One observation from the model is that* the boundary condition from zero to negligible flow conditions 
is different for the horizontal and vertical flow calorimetric systems. It is important to consider that 
generally, quoted efficiencies of energy generated from putative over-unity devices are calculated assuming 
the standard equation is always correct. AnoUier salient observation resulting from this theoretical Q1D 
study is that simple equations which apply for horizontal calorimetric systems may not be strictly 
applicable for vertical flow calorimetric systems for low flow conditions. But which? 

We now define r\ B as the ratio of heat transported by the buoyant forces to die heat transported by solution 
convection. 

heat transported by boyant forces 
^ B heat transferred by solution convection 
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This Q1D model of heat and mass transfer has indicated that what is generally correct for horizontal 
calorimetric systems, may not be correct for vertical systems, when the non-dimensional number (=^t] b ) 
is signifipantly greater than zero. Any apparent amplification of the 'excess heat' (if any, and there does 
appear to be some) would be greatest at the low levels. Increased flow makes the positional error less 
important As a corollary, any false excess heat or excess heat magnification, should also reduce with 
increased flow; 

In summary, thermometry may not be the only rate limiting factor for obtaining high-quality information 
from flow calorimeters if the non-dimensional number n B {defined as the ratio of heat transfer by 
buoyancy to the heat transfer by convection} is greater than zero. r| B , in a real system where viscosity, 
turbulence, and other parameters play a role, depends upon other non-dimensional factors including the 
Archimedes non-dimensional number which is the ratio of the buoyant force to the viscous force, and 
possibly the Rayleigh non-dimensional number, which is the ratio of gravity to thermal conductivity.; 
Studies-areninderwaj^to explore this.~It is also proposed that a simple test of the theory would be to biiild- 
a rbtatable flow cell with a resistive heat element, perhaps mounted on a goniometer for any system to 
check sensitivity. This hypothesis, and Q 1 D model of heat and mass transfer, do not imply that such 
systems do not exhibit 'excess heat* But rather that any such reponcd 'excess heat' parameters may be 
inflated, if the information was indeed collected with a vertical flow calorimetric system, in the absence 
of confirmatory calibrations under low to moderate flow conditions where the non-dimensional number 
(TIb) 15 not trivial. 
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The quasi -one-dimensional model of isotope load- 
ing into a material relates the loading flux, the electric 
order/thermal disorder ratio, and other physical issues. 
The theoretical nonequilibrium deuteron /palladium ra- 
tio at the surface of a palladium electrode, previously 
shown to depend on the loading flux ratio, is corrected 
both for intrapal'adial diffusion of the loaded deuterons 
and for secondary changes in electrode volume, possibly- 
explaining the often considerable time elapsed until the 
onset of the desired reactions. 



INTRODUCTION 

Several hurdles remain in the successful utilization 
of the cold fusion phenomena. 1 Most important is the im- 
proved characterization and preparation of palladium of 
sufficient integrity into which to successfully load 2 and 
activate 3 the isotopic fuel — deuterium. Adequate load- 
ing (A D . PcJ ) must occur despite major difficulties involv- 
ing the loading flux ratio, 2 the electric order/thermal 
disorder ratio, and other physical issues. 2 * 4 * 5 Additional 
difficulties include the often considerable time elapsed 
until the onset of the desired reactions. 1 



MODEL 



The quasi-one-dimensional (Q1D) model pf l^pS 
loading 2,4 * 5 has enabled the* cathode depositipi^ 
be investigated using nbne^ullibrium calduia^^ 
absence of significant convection, the fli^^jid^^^^ 
cies (here deuterium and palladium caUorisi2gmfe^n£r 



retic drift. 5,7 The coupled equations follow (see Nomen- 
clature on p. T29): 



Jh — ~ Br 



d[D(z,t)] 
dz 



- MD*[D(z,f)]* 



d<t> 
~dz 



(1) 



and 



7pd — — B\ 



Pd 



d[Pd(z,t)] 
dz < 



- /Apd*[Pdfe f f)]* 



d<P 

dz 



(2) 



The mathematical solution for the time rate of change 
of the deuterium in any given volume is determined by 
these fluxes and Gauss's theorem. Deuteron and palla- 
dium entry to the cathode is electron limited. Three com- 
ponents of the deuteron flux are considered at the cathode. 
The first flux component is the entry of deuterons into 
the bullrof T?alladium7 r Th"e second fluxTomporient is 
the volume loss of deuterons secondary to gas evolution 
J g . The third flux component is caused by those deuter- 
ons lost to all putative fusion reactions-/^. The palla- 
dium flux at the cathode is simpler because of the absence 
of palladium gas formation. The mathematical solutions 
are determined both by the boundary conditions and by 
conservation of mass for both species. There is assumed 
conservation of deuterons with the exception of a loss 
J pa to all putative fusion reactions. 4 However; 7/^ is ex- 
tremely small compared with most loading. wtes.or gas- 
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As discussed, 2 this finding was augmented by the initial coefficient [A 0 ,p<j] of the final spatial distribution for 
palladium that is electrodeposited on the cathode in codeposition: 
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(4) 



The ratio of Eqs. (3) and (4) did show that the use of codeposition of palladium from palladium salts in a deuteron- 
containing solution 2 * 3 * 7 can be used to attain a much more rapid onset of (at least local) full loading. Thus, the initial 
coefficient of the deuteron/palladium ratio at the surface of a palladium electrode with the full inclusion of palladium 
cation codeposition 2 * 7 has been discussed 2 : 



M[(ife)-fe)^)l4(^)-(^)^]-0-^-{[fe)-(^)^lf 



(5) 



This loading ratio has indie; .led. the possibility of 
sufficient loading very close to the electrode surface with 
a time constant related to the relaxation of palladium 
from the solution onto the cathode. If a minimal load- 
ing ratio is required for the desired cold fusion reac- 
tions, then the maneuver would be an important control 
point of these reactions. This is shown in f - i « . 1. which 
presents the derived peak local loading ratio based on 
these assumptions, with and without codeposition. The 
loading ratio is shown for a range «>i elce'rical ordering 
energies. 

However, except for the relaxation tune interval. 
Eq. (5 J indicates that this generation oi loading suffi- 
ciently would be nearly instantaneous, which is simply 
not observed. Therefore, we have now corrected Eq. (5) 
(and the volumes to which it refers) both for observed 
intrapaliadial diffusion of the loaded deuterpns and for 
the secondary changes in electrode volume. 



The first-order diffusion rate was included for its im- 
pact on the local surface concentration, thereby calculat- 
ing the local depletion secondary to internal redistribution 
in the bulk metal. Within the metal, thedeuteron diffusion 
has been considered by several models. Anharmonic ef- 
fects, 3 optical and acoustic phonon spectra, material de- 
fects, grain boundary dislocations, and fissures 1 ' all 
influence tFte deeper loading of the metal. These mecha- 
nisms may lead to a relative decrease in the surface con- 
centrations of deuterons and thus the local surface loading 
ratio. The local loading ratios wercderived using the sim- 
ple redistribution mechanisms, with the understanding that 
the actual three-dimensional mechanisms are what actu- 
ally accounts for the phenomena. The diffusi vities are such 
(Table I) that only the term for the hydrogen isotope ap- 
pears to be important to first order. The volume change, al- 
beit small, was also included in the final calculation. 



TABLE I 
Diffusivities of Materials in Palladium 



Substance 



Deuterium 
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Fig. I . Preexponentia! peak local loading ratio: These four curves are the derived preexponcniial factor for the peak local loading 
ratios both with (solid circles, triangles,-squares) and without (open circles) codcposition. The preexponential factor is 
shown for a range of electrical ordering energies in units of electrical energy compared wiih kinetic energy k lf T. The three 
codcposition curves are for O.h 1, ami TO mA. The diffusivity of'the palladium ions in solution is estimated as U)% that 
of the deuterium ion itself. 
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Fig. 2. Theoretical peak local deuterori loading and the impact of cqdepositidh:-These curves show the theoretical peak local and 
average deuterbn/pdladium loading ratios for four types of experimental arrangements. Four curves ai^ siowni The lowest 
curve is for ordinary cold fusion electrolysis with LiOD as the solution^ The upper three curves are for systems ^where palla- 
dium cations are also codepbsited; with uhe deiiterons onto the palladium. The theoretical peak loading ratios are shown as 
a function of time.- The top | curve is pure codepositioifahd does hot ihorude redistribution within the palladium cathode. 
The two curves belowltltepfesent slowand faster inlem^^ assumes solution'tind^c&i^.^Iumes 
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INTERPRETATION 

The result of the calculations is shown in Fig. 2. Four 
curves are shown. The lowest curve is for ordinary cold 
fusion with LiOD. The upper three curves are for palla- 
dium cations codeposited with the deuterons onto the pal- 
ladium; The theoretical peak loading ratio is shown as a 
function of time. Assuming that the reaction occurs when 
the loading factor approaches one, the values in Fig. 1 
have been compared with independent tests of Pd,D co- 
deposition on the cold fusion phenomena, 1 which con- 
firm that the decrease of the time of onset of successful 
cold fusion reactions may be < 1 h (Ref. 1 3). The impact 
of the internal diffusion in the electrode is to bring the 
calculations in fair approximation with what is. observed. 
From a materials point of view, the observed turn-on time 
constant for the desired reactions with codeposition in 
such reactions 2 * 7 - 13 appears to be consistent with the rapid 
internal diffusion rate for deuterons within the palla- 
dium^- probably related to the anharmonic* and other 4 
unique characteristics of the loaded materia) 



SUMMARY 

Insummary, the theoretical nonequilibrium deuteron/ 
palladium ratio at the surface of a palladium electrode, pre- 
viously shown to depend on the loading flux ratio, is now 
corrected both for intrapalladial diffusion of the loaded deu- 
terons and for the secondary changes in electrode vol- 
ume. Comparison with experimental data suggests yet 
another application and further confirmation 14 of the Q 1 D 
model of isotopic fuel loading into a material. 



NOMENCLATURE* 

A - area lenr* ) 

-Vi> ~ i™ 1 ^ coefficient of spatial distribution, deu- 
terium ion (mol/cm/ ) 



*In this paper, deuterium D represents atomic heavy hydrogen 
and is to be distinguished from both diatomic heavy hydrogen 
and the deuteron d. At the electrode, intcrmolccular deu- 
teron transfer occurs from the aqueous phase to the metallic elec- 
trode. This may occur in combination with an asymmetric 
infrared vibration. In this paper, for simplicity, the deuterons con- 
tained in the aqueous phase are represented by the symbol D. 
This is consistent both with what is done conventionally with 
protons (i.e., pH), because deuterium is contained as paired deu- 
terons covalently bound to oxygen as heavy water, and at the 
electrodes, where after a two-phase process (involving adsorp- 

are igniSi^^ in the eqiia- 

tioni*;&^ 
not^licSffi^^ 
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= initial coefficient of spatial distribution, pal- 
ladium (niol/cm 3 ) 

= diffusivity of deuterium ions (cm 2 /s) 

= diffusivity of palladium (enr/s) 

= initial deuteron ion concentration j[mol/cm 3 ) 

= deuteron ion concentration (mol/cm 3 ) 

= electric field intensity (V) 

= activation energy (J) 

= faraday (96484.56 C/mol * 

= electrical current (A> 

= deuteron flux entering cathode (mol/cnr-s) 

= deuteron flux entering cathode to fusion re- 
actions (mol/cm 2 -s) 

= deuteron -flux-evolving to gas (mol/cmvs). . 

= palladium flux onto cathode (mol/cnr-s) 

= . first -order palladium flux rate onto cathode 
(cm/s) 

= first-order-deuteron flux rate to all fusion, gas. 
and loading reactions (cm/s) 

= Bol.tzmann constant (J/K) 

= length of cell (cm> ; y 

= initial palladium concentration (mol/cnv ) 

= palladium concentration fmol/cm 3 ) 

- electric charge (C > ' 
= temperature (K) 

- time increment (si 

= loading ratio (nondimcnsional) 

mobility deuterium ion 



= electrophoretic 
Jcnr/V-s) 

= electrophoretic mobility palladium (cm7V-s) 
= potential = -V (voltage) 
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A/i explanation is given for the anomalous branch- 
in* ratio in solids" based on Boson-cooperative removal 
of the 4 He* energy prior to decay by two-body fission. 
Facilitated bv isospin restrictions that limit conven- 
tional pathways, the excess heat is driven by the recon- 
RgZation to the more tightly bound <He ground state. A 
tLperamreriseoccunaswell-rnixedacou^cal^o^ 

ticalphonons are unable to carry off all the local mo- 
mentum and excess energy of the reactions. Fop-vector 
analysis indicates conservation of energy, which sug- 
gests the use of a fusion quantum of energy delivered to 
the lattice s phonon cloud: a phuson. Special relativistic 
considerations indicate that the phonon cloud subtends 
-450 to 800 unit cells and can couple with de-excitation 
times >0.1 fs. Thus, commensurate levels of neutrons and 
gammas are not required because of unique isospin and 
energy restrictions that facilitate the alternate Bose- 
cooperative pathway leading from the excited state. 



INTRODUCTION 

Conventional deuteron-deuteron (d-d) fusion re- 
mains elusive because electrostatic repulsion 1-3 makes 
close approach unlikely until the requisite few Fermi sep- 
aration, which exists only for kinetic energies sO.l MeV 
or temperatures 50 to 100 million K. Nonetheless, labo- 
ratories in over 15 countries 4 - 3 have reported replication 
of nonplasma ("cold") fusion 6 using heavy water alkaline 
solutions with a platinum ariode and palladium cathode. 
Such D-Pd sy stems produce excess heat and nuclear prod- 
ucts only when the cathode is loaded 7 - 8 to an atomic ratio 
oreater than -0.85 (Fig.: 1). Under such conditions^ex- 
cess power ratios of 300 to ; l000%, peak energy: densmes 
of I to 15 MJ/cm 3 palladium: and peak powet densities bf 
100 to 2000 W/cm 3 palladium have been reported. The 
excess enthalpy exceeds any chemical explanation. 
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The chief products of cold fusion in addition to ex- 
cess heat 67 are helium 9 - 10 ( 4 He) and very low level 
tritium l '- 14 Helium-4 has been shown to be linked to the 
production of excess-heat by- palladium and heavy water 
(12 <r above background) when_metal flasks were used 
to prevent diffusion in from the ambient. 10 Such careful 
experiments yield 2.0= 03 X 10 11 *He/W-s, which is 
-30% of the ash expected for a nuclear process. Tnuum 
production is infrequent, but when it is present, it is 
-100000 times greater than neutron production. The 
neutrons are producer at peak levels ~2 to 3 times 
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Relative Excess Enthalpy 
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Form factor of matrix element of fusion matched to ex- 
cess power-loading curve (Pd-D). The scatter joints 
(open data symbols) are the relative oumut.fiom a 
palladium/heavy water electrolysis system- An mtiec- 
tion in the output as a function of loading begihs..at load- 
ings equal to 0.85: D/Pd. The three calculated probability 
curves are superimposed (linear, 1.5 power, and qua- 
dratic) as a function of total loading. 
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background. 15 * 16 Autoradiography 13 - 17 has documented 
low-level ionizing radiation in the photoelectric range em- 
anating from some active electrodes, consistent with either 
a nuclear source of J He or secondary X-ray excitation of 
surrounding atoms. 

Given such extensive data, 4 " 17 it appears that either 
the Coulomb barrier is soft in the fully loaded solid state 
or there is an alternate pathway or frame of reference that 
does not involve the simple collision of two particles. 
The latter has been a natural reflex since nuclear fusion 
was first achieved by irradiation of a deuterium target by 
high-energy deuterons derived from a cyclotron 60 yr ago. 
The Coulomb barrier approach has been examined by 
many hypotheses, including tunneling facilitated by 
screening electrons, 18-20 by changes in the effective mass 
of both the electrons 21 — and the deuterons, 23 deuteron 
energy fluctuations, 2 * 25 and hypothesized coherent 
screening._ : LQther lattice factors able to incase the like- 
lihood of possible fusion include the deuteron band struc- 
ture. 27 B loch-symmetric Bose-Bloch condensates, 28 - 2 * 
plasmon exchange, 30 additional electron screening, 31 the 
increased effective mass of the deuterons due to po- 
larons, 32 anharmonic and nonlinear effects, 33 catastrophic 
-phenomena. 34J5 and tight orbits (with orbital energies of 
^-50 kV) produced by spin-spin and spin-orbit couplings 
between an tiparalMproton-electron magnetic' moments. 36 
However, as Tajima et al. 19 and-others 23 have shown, 
screening factors alone may not be sufficient to explain the 
observations. 

We suggest a second pathway of fusion involving not 
a unidimensional collision of two particles but rather the 
steireoconstellation of the fully loaded metal acting in a 
cooperative fashion and consistent with the findings. The 
final product occurs via a simultaneous Bose-Einstein co- 
operative reaction of a cluster of phonons (the phuson) 
with de-excitation of the excited helium ( 4 He*). If loaded 
sufficiently, the material may under appropriate condi- 
tions produce effects on the nuclei contained therein. This 
material effect cannot be along conventional thinking be- 
cause the tunneling probability increases markedly only 
when the d-d internuclear distance drops below —0.7 A 
(Ref. 19), but within the crystalline metal, at low load- 
ings to moderate, the average internuclear deuteron sep- 
aration distance in palladium is larger than diatomic DnO 
( Ref. 37). Although good data for the highest loading states 
are pending, the phuson hypothesis offers an explanation 
for even closer d-d approach through coupled phonon 
interactions combined with Jahn-Teller displacements. 

When examining cold fusion solid-state systems, jnost 
preliminary analyses may ignore two unique feSfies of 
this system. 34 - 35 The first feature is the impact of the 
electrical charging of the cathode to a high loading, and 
negative voltage, which is an -~ 100 molar deuteron con- . 
centration and —1000 molar electron population.' These 
assist the deuterons in approaching each other and are 
added by the processes now discussed. The second fea- 
ture, also, ignored in simplifications, is the phonons and 



the intraelectrode deuteron flux, which are important be- 
cause the latter is proportional to the tunneling matrix 
element, 19 which may offer a pathway for phonon-assisted 
tunneling, 38 and together they may further facilitate close 
approach..The intramaterial deuteron flux 34,35 can be aided 
by phonons, 39,40 increases with temperature, 41 differ- 
ences in phases, 42 and grain-boundary formation. 43 It is 
propelled by sudden catastrophic desaturation with pos- 
itive feedback arising from the saturation- temperature re- 
lationship of the metal and also from diffusive-focusing 
effects, observed for transition metals. 43 Other reactions 
available for activation energy include collisions, 34 po- 
laron formation and drift, both optical and acoustic pho- 
non generations, lattice deformation and fracture, 35 
anharmonic motions driven by the Jahn-Teller displace- 
ment, 33 the latent heat of water, 33 diatomic deuterium for- 
mation 44 (7 to 9.4 eV/atom), and any potential fusion 
reasons. For either 0.048 or 7.0 eV (the energies asso- 
ciated with phonon and with deuteron recombination to 
diatomic deuterium), a lattice width of -200 to 1000 lat- 
tice sites could provide adequate energy (by volume) re- 
quired to penetrate the Coulomb barrier to form 4 He. Also, 
catastrophic redistribution, which accounts in part for 
some of the local astronomic fugacities, 6,43 may produce 
unusually close d-d separations in an active medium ca- 
pable of rapid desorption of deu xronsivith the recruit- 
ment potential of even more deuicrons. 35 Let us assume 
it is possible that the materiii^ffers an opportunity for 
fusion. How can the anomalous branching ratio be 
explained? 



ANOMALOUS BRANCHING RATIO 

The anomalous branchingjratio is perhaps more prob- 
lematic than the anomalous heat. Since 1989, this great 
discrepancy between the neutron and tritium production 
rates (Table I) in cold fusion compared with those in con- 
ventional plasma fusion systems has been a key to the 
"knee-jerk" dismissal of this scientific field. The energy 
release Q T by the fusion of two deuterons flows by sev- 
eral pathways including emission of a 24-MeV gamma 
ray. In plasma systems, the fusion of two deuterons yields 
mainly neutrons and tritium by two reactions that have 
similar probabilities 4 ; this ratio is the branching ratio. 
Helium-4 generation requires coupled reactions 45 and is 
rarely a product in plasma fusion (— 1 per 10 million fu- 
sion events). All of the plasma pathways have ^tfae emis- 
sion of a high-energy ionizing photon in common. In 
contrast, neither gamma nor neutron emission character- 
izes the cold fusion phenomena. Instead, 4 He is gener- 
ated, coupled to the production of significant excess heat, 
in : amounts —30% of that expected. The following dis- 
cussion focuses on the de-excitation side and suggests 
an explanation for this lack of plasma-type reaction prod- 
ucts. This explanation is based on a novel metiiod.from 
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TABLE I 



Select Energy Levels and Pathways of 4 He* 



Configuration 


Energy 
(MeV) 


Branching Ratio 


Cold Fusion 


Hot Fusion 


Deuterons 

3 He, neutron 

4 He first excited state 
Triton, proton 

4 He ground state 


2n° + 2p 
d + n° + p 

d+d 
3 He + *° 
4 He 
t + p 
4 He 


28.30 
26.07 
23.82 
20.58 
20.20 
19.82 
0 


? (negligible) 

1/10000000 
0.3 


0.5 

0.5 
l/l 000000 



removal of the excited state alpha ( 4 He*) energy before 

it decays by two-body fission. 

Figure 2 is the relevant energy diagram that shows 
the lower two excited states in helium's singlet isospin 
manifold.* 16 Table I lists the lower helium nuclear states, 
their energy (in mega-electron-volts), and quantum num- 
bers for total angular momentum, parity, and isospin. Sev- 
eral excited states with mega-electron- volt separations are 
located 20 MeV above the ground state of 4 He (defined 
as zero energy). These excited states couple with two 
deuterons and can provide other decay configurations 
(Tables I and II). The critical first excited nuclear state 
( 4 He*) is energetically located below the d-d ground state, 
and the quantum electrodynamic selection rules 26 - 9,45 " 47 



D-D interaction 



He 



isospin restriction 
open with strong 
perturbation in 
hot fusion 



internal conversion to 
lattice through optical 
phonoos 



- 0 
ENERGY 



He 4 Vro** 
state 



nuclear isospin 
singlet manifold 



Fig. 2. Simplified energy diagram of two lowest helium nu- 
clear states. This is a simplified energy level diagram 
showing the lowest excited nuclear state in the isospin 
singlet manifold and the helium ground state. The up- 
per level t 4 He*) receives energy and momentum from 
the Estate (which "may involve more than a classical 
two-body system). Heiium-4* waits de-excitation. (See 
Tables i and n.) ; 



limit how 4 He* can decay. This is the key point because 
it limits de-excitation and creates a relatively long-lived 
4 He* state. Electric dipole moment transitions are tech- 
nically forbidden. Therefore, any conventional decom- 
position through 4 He**is neither possible nor observed at 
low temperatures. In contrast, in hot fusion systems, suf- 
ficient energy is provided to both perturb and mix the 
nuclear states past the restriction and thereby create ei- 
ther tritium + proton or (by rising to a higher level [see 
Table I]) 3 He + neutron. Instead, there car. occur a 
phonon-coupied de-excitation 16 - 19 (with phusca energy 
transfer) that is not forbidden because it does not involve 
an electric dipole moment 26 - 9 * 45 * 47 but does conserve iso- 
spin, momentum,, and energy. The excess heat is trans- 
ferred to the phonon cloud through the periodic lattice 
by the reconfiguration of the 4 He* to its ground state with 
the collapse of the entire system through the strong force 
as the linear momentum is conserved. This phonon bath 
of the lattice conserves momentum and energy {vide 



TABLE II 
Helium Nucleus Energy States 







Total 






Criteria 






Angular 






E<d-d 




Energy 


Momentum 


Parity 


Isospin 


Isospin 


State 


(MeV) 


(J) 


Or) 


(T) 


Conserved 




25.95 


1 




1 


No 




25.28 


0 




1 


No 




24.25 


1 




0 


No 




23.64 


1 




. 1 


No 




2333 


2 




1 


No 


Third 


21.84 


2 




0 


3 " 


Second 


21.01 


0 




0 


a 


Fust 


20.21 


0 




0 


3 


Ground 


0 


0 


+ 


0 


a 



"States below d + d. 
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infra). The temperature rise occurs as the well-mixed 
acoustical and optical phonons become unable to carry 
off all the momentum and excess energy produced by the 
reactions. 

But, is there evidence for such coupling? Yes, there 
could be with the Mossbauer effect-type of coupling. This 
means not that cold fusion proceeds through the Moss- 
bauer effect but rather that the effect demonstrates that 
the lattice is coupled through S-orbitals to nuclei. The 
salient point is that the nuclear isospin restriction for 4 He* 
de-excitation enables the vicinal phonon ensemble to com- 
pete effectively and thus allow fusion reactions to pro- 
ceed in the unique fully loaded metals. Such energy 
transfer to the phonon cloud (with phuson energy trans- 
fer) is consistent with the observed branching ratios. The 
analysis of the nuclear levels and their de-excitation path- 
ways is consistent with the finding that helium accounts 
for about one-third of the ash. These pathways and their 
relative probabilities also explain the observed unique 
branching ratio, including why neutrons are not ob- 
served. Tritium, created from an energy state that is lo- 
cated below a He*, does remain an unlikely product but 
is of a very low likelihood because of the electric dipole. 
If such a nuclear-phonon cloud pathway were not avail- 
able, then even with sufficient energy to overcome the 
softe «ed Coulomb barrier, the tiny population of 4 He* 
woul I saturate and end all such reactions. 

We have suggested that phonons can handle the con^ 
servation of energy and momentum and energy in the 
de-excitation of 4 He*. We now show that 4 He* has a non- 
forbidden de-excitation pathway for energy flow (£": 
4 He* f- "*£«/) that couples to the interstitial-loaded crys- 
talline lattice's optical phonons, which provides conser- 
vation of both isospin and energy, and is also consistent 
with causality as required by special relativity. This (£: 
4 He* <- pathway explains why neutrons are not 
seen in the observed unique branching ratio. The 4 He* 
level is energetically below the d-d ground state at this 
system temperature. Any decomposition through a level 
above the 4 He* energy level is therefore not possible, 
and not observed. Tritium, created from an energy state 
that is located below, remains an unlikely possibility be- 
cause of the electric dipole and isospin restrictions. 



GAMMA-STATE NUCLEAR-LATTICE COUPLINGS 

Any analysis of the boundary conditions on the ma- 
terial side must begin with the unique group Yin transi- 
tion elements densely loaded with minute interstitials. 
Unlike most metals 48 characterized by low solubility 
(—one deuteron/10000 metal atoms), the deuteron sol- 
ubility in palladium is quite large. Full loading (Aj OT ) is 
the sine qua non to the desired reactions, and only wheh 
the loading is nearly complete do the phenomena begin 
(Fig. 1). This may be a requirement for decorating the 
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gamma sites. 33 * 33 Thus, it is prudent that the total loading 
must be distinguished from gamma-site loading because 
the latter does not even occur until the loading approaches 
0.85. Gamma loading, the critical parameter, may be ap- 
proximately derived through the Heaviside function: 

AU - ( A5 ^;/- 85 ) X «-,CASK - 0.85) . (1) 

In palladium, two phonon bands result from the small 
mass of the deuteron in the transition metal. 49 The acous- 
tic phonons are from the palladium, and the optical pho- 
nons arise from the low molecular weight hydrogen 
nuclei. 34 * 35 * 30 Optical phonons 39 in the loaded PdD lat- 
tice have energies —32 to 48 mV with significant zero- 
point motions. 51 * 52 Reactions can couple to these phonons 
by shifts in the phonon frequency: 

A£ = nhSw . (2) 

The phonon spectra have been hypothesized to per- 
mit a nonionizing radiation pathway to satisfy the energy 
and momentum conservation requirements. This is rea- 
sonable because experimental results indicate that most 
of the products are nonionizing phonons, and therefore 
the/ must be included in any analysis. 

We assume that the electrode has adequate gamma- 
site 33 * 35 * 53 * 53 decoration. The lattice wavefunction involves 
the interstitial deuterons and electron wavefunctions. 49 
Given the separate sites, 33 we modify the Hagelstein wave- 
function by the separation of the deuteron wavefunction (in 
each state therein) from the acoustic ( palladium) lattice. The 
(L) refers to the lattice, and the (d-d) refers to the loaded 
deuterons, and this is only shorthand because the reaction 
may involve many more than two deuterons: 

MM = . (3) 

Consistent with the data, the relevant optical phonon 
cloud arises in tyj^. This phonon cloud is unique be- 
cause its strong entropic and anharmonic components, 
already showing anomalies from the inverse isotope ef- 
fect, may enable de-excitation of 4 He*. Such internal con- 
version would account for the observed branching ratios 
as discussed earlier by avoiding de-excitations associ- 
ated with electric dipole transitions. If such a nuclear- 
phonon cloud pathway were not available, then the tiny 
population of 4 He* would saturate that level and end such 
reactions. In hot fusion systems, sufficient 'energy ispro- 
vided to perturb and mix the states past ilie restnetion 
and thereby create either tritium + proton or [by rising 
to a higher level (see Tables I and II)] 3 He + neutron. . , 

Each watt of excess heat requires -10 12 to 10 13 fu- 
sion event/s out of a total sample population of perhaps 
— 10 20 to 10 22 candidate nuclei. Therefore, a very small 
fraction of the interstitial population is involved at any 
time. Weak couplings that link the lattice to the nuclei 
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through S-orbital coupling exist, as demonstrated in other 
systems by Mossfaauer spectroscopy. 



SPECIAL RELATIVITY 

Causality arguments consistent with special relativ- 
ity must be considered. First, it is important to consider 
the lifetime of the excited state. From the uncertainty prin- 
ciple, we can derive the expectation of that state based 
on the energy width of the energy emitted. It is not in- 
frequent in this field to confuse £ with A£, but this should 
not occur because to do so yields an incorrectly very short 
derived half-life: 



A£ X At = — 
2rr 



(4) 



But, can the half-life be in the range required? We 
can compare lifetimes to other nuclei that are better known 
and will do so for alpha decays and Mossbauer-associated 
nuclei. Corroboration of the de-excitation time can be es- 
timated from the width of the output in the frequency 
domain, where T the natural line width using the un- 
certainty principle. Consider alpha decay in the range ob- 
served for some oft ;e cold fusion data. Such.alpha decay 
involves the emissi< m of monoenergetic electrons (e.g., 
^Pu), and those 4- to 6-MeV alpha particles have half- 
lives of *^86 yr. The nuclei with Mossbauer nuclear res- 
onance states (Table III) are also consistent with half- 
lives being of adequate length to transfer the energy from 
the 4 He* state. The timescales of de-excitation may be 
on the order of nanoseconds. 30 Table HI contains addi- 
tional examples. These half-lives range from about a few 
nanoseconds (^K) to almost 100 nanoseconds (^Fe). So 
there is reason to believe that an adequate half-life of the 
excited state is available. 

Second, we proceed to calculate the special relativ- 
istic and four- vector limitations imposed on the energy 
and momentum transfer from the first excited nuclear state 
of helium ( 4 He*). It is important to note that the sum of 
the phonon energies (in two disparate spectra: acoustic 



TABLE m 
Mossbauer Nuclear Resonance States 



Isotope 


Transition 
Energy, 
£Y- £, 
(keV) 


Half-Life, 

Tin 
(ns) . 


Natural 
Line Width, 
It 
(nun/s) 


"K 


29.4 


4.26 


2.18 


"Fe 


14.41 


97.81 


0.19 


"Fe 


136.46 


8.7 


0.23 


4, Ni 


T57.4 


5.06 


0.8 



and optical) in the phonon ensemble [the precursor to a 
possible Bose-Einstein cooperative reaction ^condensa- 
tion)] postulated here is equal to the energy between 4 He* 
and its ground state. Thus, it is postulated that there is a 
quantum of energy (phuson) that satisfies energy and mo- 
mentum considerations. Calculations below indicate that 
the phuson involves a phonon cloud subtending ^-450 to 
800 unit cells. Any putative fusion release energy on the 
mega-electron-volt scale at a single location has a pos- 
sibility for spreading the released energy among the lat- 
tice sites coupled by the cone angle subtended by a 
(virtual) photon during the de-excitation time of 4 He*. 
Photon propagation speeds cover substantial numbers of 
lattice sites during this cone-angle analysis. The size of 
the maximal recruitment from the surrounding lattice de- 
pends on the interaction radius r DE determined by the 
speed of light c: 



r 0E = (c X tqe) 



(5) 



Therefore, the number of lattice cells ( UC ) involved 
in a single event, coupled through the Bose-Einstein phu- 
son complex, is 



Nsiusir'os) = 



(C X T DE ) 3 
{Vunitcell) 



(6) 



Special retetivistic consideraticms 16 indicate that the pho- 
non cloud subtends —450 to 860unit cells. Quantum me- 
chanical considerations using gamma-phase analysis and 
a wavevector approach have concluded that there are a 
sufficient number of phonons available to account for a 
coherent energy transfer to the lattice during the de- 
excitation of 4 He* provided that the de-excitation time is 
>0.5 fs. We now calculate the magnitude of the putative 
phuson that couples to the phonon cloud. Third is the en- 
ergy transfer time on the order of a phonon cycle time. 
Yes, if one considers that in these cases of low-atomic- 
weight nuclei in group vm metals that there are acoustic 
phonon spectra as well, then there is adequate time for 
coupling. 



GAMMA-STATE MATRIX ELEMENT 
INCLUDING PHONON TERMS 

If one considers the available lattice sites, the en- 
semble does have a sufficient number of phonons avail- 
able to account for energy transfer to the lattice during 
the de-excitation of 4 He* (Fig. 2) provided that the de- 
excitation time is >0.5 fs: 

F = N (r \ v ph ° n0nS " eTl€r8y 

Ensemble ™ sites VDEJ X ^ X ^ 

(C X Top) 3 

= rv X (ABK X 8) X 40 meV . (7) 
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The matrix element M must include Coulomb ex- 
change, acoustic and optical recoil in all modes, and the 
energy from D 2 formation and H 2 0 latent heat, which 
are ignored in this simplification: 



(8) 



With consideration of Fermi's golden rule and the 
phonons, the tunneling probability is 



r = 



2tt 

h 



x 5 



8tt X m c 



+ E{ L ) — Ed 



(9) 



where V is the phonon operator acting through the Cou- 
lomb potential between the nuclei and the K-shell elec- 
tron, acting over each /'th location, which may in fact be 
the samma sites alone: 



j j 



ZXe 2 
\rj--Rj\ 



(10) 



Switching from center-of-mass (cm.) coordinates dur- 
ing the Coulomb exchange to reciprocal space 49 enables 
the use of the Duschinsky operator e and'the matrix el- 
ement becomes 



(11) 



Not all modes need to be involved in the energy trans- 
fer. Hagelstein 49 has demonstrated that well-defined 
modes with npntrivial probabilities [/?;.k(*)] may ac- 
count for transferring energy to the lattice. For each po- 
tential (/th) site, this becomes 

I}=2 f^(e)xi), k (6)^ (12a) 



and 

P/.kW = ^(W| 2 xa(/ fc + 



h 2 \k\ 2 

2tr X m € 



(12b) 



Equations (12) require summation over all moments, 
but given the observations (Fig. 1) and Hagelstein's sim- 
plified probability density coupling rate, 45,49 we qualita- 
tively examined the case where the optical phonon density 
is proportional to the phonons arising from the gamma 
sites. We approximate that the optical phonon density is 
proportional to the gamma-site loading: 



(13) 



The fusion probability is proportional to the square 
of the wavefunction, also proportional to Aoj»d » 



•(Ag%-0-85)1 2 



0.15 



"J 



(14) 



Thus, the matrix element has two terms reflect- 
ing the gamma-state loading. The fusion probability 
should be proportional to the square of the gamma-state 
loading: 



T « 0 (V X [Pd] x 



(APE - 



-0.85) 1 
15 J 



a/eX {[Pd]x 
=/e X <[Pd] X (Akp d )> 2 . 



(Affi-OJS) jJ 



(15) 



This calculated expression is shown in Fig. 1, super- 
imposed over the measured data. It has fairly good agree- 
ment with the curvature of the data comprising the 
observed data for palladium and heavy water. 

In summary, nuclear isospin restriction for 4 He* de- 
excitation enables the vicinal phonon ensemble to com- 
pete, effectively and thus allow the fusion reactions to 
proceed. Sufficient 4 He* can undergo de-excitation with 
the energy drained off by the. ensemble of phonons. The 
excess heat is transferred to' die phonon cloud on a co- 
herent basis by the reconfiguration of the 4 He* to its 
ground state. The final outcome is ground-state 4 He with 
the collapse of the entire system through the strong force 
as the linear momentum is conserved by internal conver- 
sion. Well-mixed phonon pools herald the collapse as 
excess enthalpy. The temperature rise occurs as the acous- 
tical and optical phonons become unable to carry off all 
the momentum and excess energy of the reactions. The 
need for commensurate levels of neutrons and gamma 
radiation apparently does not stand for this unique case 
because of isospin restrictions, the availability for trans- 
fer to the phonon cloud, and the absence .of the strong 
perturbations of hot fusion. 



COOPERATIVE BOSE-EINSTEIN ENERGY 
AND MOMENTUM TRANSFER 

We have analyzed the 4 He* nonelectric dipole de- 
excitation pathway and are proposing a novel idea ofbqse 
condensation involving the phonons; Swa^ suggested 
phonon amplification using the cold fusion process; and 
Schwinger first publicly suggested phonons in.the cold 
fusion process itself. Here the role of phonons is'fi^ 
developed to include coupling to the lattice and- a : pro- 
posed process involving cooperativity. The phusbii hy- 
pothesis ends in a Bdse-Einstein cooperative dispersion 
of energy by the phonons distributing what was the energy . 
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located in the helium-excited state. In fact, this is rea- 
sonable not only because of the lifetime, and e 
siderations {vide supra), but it is consistent with hot fusion 
systems where for deuterium and tritium fusion \Q T 
7 6 MeV). the kinetic energy of the 'He* and the neu- 
trons (for that case) are transferred through the gas to the 
surrounding materials if the density of the gas is approx- 
imately >10 -5 atm. permitting conanued fusion reac- 
tions to proceed (nuclear ignition). 

In solid-state fusion systems, the density is more ta- 
vorable for any such transfer. Following the loading 
itself 53_S3 solid-state fusion may represent a two-stage 
process that couples 4 He* to the interstitial-loaded crys- 
talline lattice's optical phonons. The net effect is a co- 
operative energy transfer to the phonon cloud via the 
crystalline lattice's unique phonon entropic and anhar- 
monic properties (heralded by the inverse isotope ef- 
fect), the incremental energy and momentum change that 
flows to the phonon cloud, when coupled to the nucleus, 
is called a phuson: 

*liw^wi -* *&w-*«> + 'He* + 10 

->*, r Hc^) + 4 He + (2©)* , \(16) 

where ^w*w) represents the loaded palladium 
wavefunction and includes the gamma notation to explic- 
itly denote the requirement to fill the gamma sta.es (load- 
ings areater than -0.85). The -d-d-d-d-d-d" subscript 
reminds us that this is a process in a three-dimensional 
solid involving much more than two deuterons. The "He- 
d-d-d-d" subscript follows the generations of the desired 
reactions. The terms 18 and 10* represent the phonon 
cloud and its excited state activated by the phuson. 



FOUR-VECTOR ANALYTIC REDUCTION 

The four vectors relate the momenta (p,-; t = x,y<z) 
and energy (£), and have been used in this field to ex- 
amine the putative role of ab initio negative pion me- 
sons. 56 The following four-vector analysis begins in the 
cm. frame of reference between the deuterons: 



P{i) = 



P.x>Py*Pz>(~} 



The scalar-dot products and binomial expansion are 
used. The only real (logical) solution reduces to the 
conservation of energy equation involving mass-energy 
equivalence: 

2(Ae*)-2<A3*)-* x 2(Aej) 
it k t 

= C 2 X (2m d - m* He ) • (W 



SUMMARY 

Given a source of 4 He*. that state can undergo de- 
excitation with the energy drained off by the ensemble 
of phonons, as they themselves undergo a Bose-Einstem 
cooperative reaction, possibly a condensation. The ex- 
cess heat is driven by a reconfiguration of the helium nu- 
cleus *fronvthe less tightly bound *He* configuration to 
the more tightly bound ground state, with a temperature 
rise occurring as the well-mixed acoustical and optical 
phonons are unable to carry off all the local momentum 
and excess energy of the reactions. The magnitude of die 
energy transfer is consistent both with general relativity 
and, through the size of the lattice over which such trans- 
fer reacts, special relativity. A four-vector analysis indi- 
cates this is consistent with conservation of energy, which 
suggests the use bf a fusion quantum ofenergy delivered 
to the lattice's phonon cloud: a'ptiuson. Special relativ- 
istic considerations indicate that the phonon cloud, sub- 
tends -450 to 800 unit cells and that the de-excitation 
times ought be >0.1 fs. The need for commensurate lev- 
els of neutrons and gammas apparently does not stand 
for this unique case because isospin and energy restric- 
tions facilitate alternate pathways involving the pho- 
nons, both intrinsic and generated, to handle the de- 
excitation of the excited state. _ 
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= \ 0,0.0. 



+ 



(17) 



We follow the phonon cloud and generated helium 
in the cm. frame of reference. 
The final four vectors become 



P{f) = \ 0,0,0, 



2(A6S) 



{m* Hc X c 2 ) 
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THE RELATIVE IMPACT OF THERMAL STRATIFICATION OF 

. 1 -■■•^■■•■VTB|DB^"A1^R'' SURRO]0NDINCy A. CALORXMDB/TER ■ 

Mitchell R. Swartz 1 



Last month there were several responses to the paper entitled "Potential for Positional Variation in How Calorimetric 
Systems" which discussed a theoretical examination [1] of heat and mass flow [2] with inclusion of the Bernard 
instability [3]. 

Tve been thinking qbout another problem that could be plaguing the Cravens-style vertical flow calorimetry ... 
thermal stratification: in the : air space outside the cell In at least one of the public demos Cravens, put on, he 
enclosed the cett inb^jah insulated chamber made with two Dewars placed mouth-to-mouth This created a 
tnpre-or-less dead airspace around the cell and, since the cell was operated at a temperature significantly above 
ambieat^Iyvouldjexpfct a cdnsider^k-temperature.grddient to exist-in:jhis air. - space, \.'hottestutLtl^tdp;and-doolr--- 
at the bottom. With --^.y^^d^-'flaws he, used (14 ml/min is ^Jan/sec flow velocity in 1/4" ID tubing), the 
temperature sensors could be significantly affected by simple conduction through the walls of his fittings^ Such a 
problem would 1 cause > ther upper temp sensor, which is- the outlet sensor, to be hotter than the Idwer sensor i„ 
resulting in a false positive indication. Because the airspace stratification is "driven" by the heat of the cell, this 
false positive indication should become larger when the cell temperature is raised..." 

[Scott Little (little@eden.com)] 

Several issues appear to be involved. 

1) -Could thermal stratification of -the -air physically located outside of the electrolytic cell influence the thermal 
leakage from the cell by changes in the net thermal conductance? i# 

2) Does thermal conduction through mechanical fittings effect che reading of a temperature sensor? 

3) Could such a thermal air thermal stratification effect also alter the temperature sensors through the fitting effect 
(described at #2)? 

The following is the semiquantitative estimate of the impact of the phenomenon discussed in question #1. Instead 
of a simple mean temperature of outside air of 30°Q in this gendanken experiment assume the air is varied over the 
temperature range from 20 to 40°Centigrade. Assume there does not exist any variation in the air or calorimeter 
conditions with respect to time or external mass transport The enthalpic losses to the local "ambient" en v ironment 
from the cell include conduction, radiation (with the 4th power temperature term in the Stefan-Boltzmann equation), 
and convection losses of two types — both flow incurred and thermal induced [4,5]. To qualitatively determine the 
impact, let us model the calorimeter in a single dimension and as a linear system. We will ignore for simplicity 
spatial- or time- variation of the material factors, boundary effects [6], and other isothermal effects. 

Changing the air by thennal stratification probably would mainly alter die thermal conduction term. That thermal 
conduction loss is in "series" with the thermal conduction term through the calorimeter wall itself. The thermal 
conductance of the two compartments — consisting of the air and the outer wall of the calorimeter — could be 
modeled as 

K ^ — — [ cal/(sec<m 2 )(degOcm) ]. 

The equation is derived similar to the system with the thermal resistances added in series, ^ 

after amvermg the^ i/^^^iki^MM 

How mnc& cc^ of the -dectrqlytie cell :— iikluin<^^BeS 

thermal conductances^ the measured result of a calorimeter? These thermal 
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Temperature [degrees Centigrade] 



Thermal- Conductivity of Various Gases and Air 



Temp.(C) 


air 


carbon 
dioxide 


nitrogen 


oxygen 


water 


deuterium 


-6.7 


56.2 


33.7 


56.2 


57.2 


36.8 


305.8 


4.4 


58.3 


35.6 


58.3 


59.4 


38.9 


310 


15.6 


60.3 


37.6 


60.3 


61.6 


40.5 


322.3 


26.7 


62.2 


39.7 


62.4 


63.6 


42.6 


334.7 


37.8 


64.2 


41.7 


64.1 


65.9 


44.6 


343 


48.9 


66 


43.8 


65.7 


68.2 


46.7 


355.4 



Fig. 1 — Hernial Conductivity of Gases 

^hydrogen^topes show markedly greater tliennal conduc^ty than other, higher molecular weight, gases. His 
3D bar graph denwnsttates thennal conductivity (cal/(sec<m^(<IegC/cm) x 10" 6 as a function of temperature (-7 to 
m J^S^Kf^^' carbon dioxide, deuterium (D 2 ), hydrogen (H^, nitrogen QQ, oxygen (S, and water 
(data after Handbook of Oiwnistry ™* Ph y ,;~ (Chemical Rubber Co 1STZ3) 



4^ • 



conduction changes are based upon relatively small differences in thermal conductivity of the gases surrounding the 
calorimeter. The thermal conductivity of air varies from 42 tb 45 cal/(sec-cm^(degC7cm) x 10"* between 20 and 
40°C In this example, this difference in thermal ^ conductivify ainoun to a 6% change, ± 3% around the mean 
J^?^ when integrated over 

the entire; wall. Hie impact,: based ^ transfer [4,5,6], is that if the spatial 

distribution of temperatnre is even and ttieaxly distributed, thae wfll be no significant changes upon calorimeter 
calibration. It appears that only when there is a nonlinear variation of the air's thermal conductance-temperature 
curve, that there acoues significant deviation from the calibration. To calculate the impact of the effect, let us 
assume the nonlinear asymmetry is quite significant and results in a 2% variation. With equation (1), it is possible 
to actually substitute number. If is a tenth that of the wall, = 0.1 K^, thai a hypothetical 2% asymmetric 
stratification change in air conductivity will alter the total conductivity by about ± 1.8%. If is -K^ (10 1^ ), 
a hypothetical 2% asymmetric stratification change in air conductivity will alter the total confoctivity by about ± 
1.0% (± 0.2% respectively). 

Most importantly, as shown in Fig. 1, the thermal conductivity effects generated by the stratification are 
quantitatively small, compared to the impact of the "hydrogen gas displacement effect" which might exist in some 
elect rolysis systems. So what is the impact of possible thermal stra tification of gas external to a calorimeter? The 
overall impact "of such a disMbutibn upon the overall system thermal conductance is small. This is reasonable 
because it must be less than a few % change from expected, and furthermore — only those changes deviating from 
linearity will produce a net change. Finally, any putative xhange from such thermal stratification is insignificant 
compared to the "hydrogen gas airspace effect" which occurs when the air around the electrochemical cell is replaced 
by hydrogen (or deuterium in heavy water experiments) which thereby markedly increase the thermal conductance 
of the system (Fig. 1). Most significantly, the hydrogen gas effect has the impact of making calculations of putative 
excess energy a lower limit to that which may have actually occurred if such systems have sucfaLan unanticipated 
hydrogen volume in the gas space. ** 

In summary, temperature gradients in the vicinal air surrounding a calorimeter can exist 'ftjr several reasons. For this 
to be significant there must be either a nonlinear or an asymmetric thermal air stratification. Even then the impact 
is small and probably not significant when compared to the quantitatively larger hydrogen gas airspace effect 
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Electrochemical experiments, using nickel cathodes 
in light water solutions, were used to examine the en- 
thalpy generated by electrically driving each electrode 
pair compared with ohmic controls contained within the 
same solution. For nickel wire cathodes, the peak power 
amplification (ir m ) was in the range of L44'°' 3H . For 
spiral-wound nickel cathodes with platinum foil anodes, 
ttm was 227~ im . By contrast, neither iron nor alumi- 
num cathodes demonstrated excess heat. 

Driving these nickel samples beyond several volts, 
however, produced an exponential falloff of the power 
gain. This biphasic response to increasing input power 
may be consistent with the quasi-one-dimensional model 
of isotope loading and may contribute to the difficulty of 
reproducing these phenomena 



INTRODUCTION 

Nickel cathodes can produce excess enthalpy (heat) 
during electrolysis of light water solutions. 1 " 8 Although 
not all of the putative isotopic fuel (prptium or deute- 
rium) enters the metal, the degree of loading is critical.^ 1 
Unfortunately^ there has beerij insufficient (or no) men- 
tion of the amount of filling (loading), achieved in many 
previous; "negative result'* studies and research papers 
in this field. The^ loading has :been;iaiialyz 




ing using, the isotope diffusiyity and electrophoretic 
mobility: This has provided insight into me competing 
gas-evolving reactions at the surfaces of the to-be- 
loaded electrode. At such a metet surface (possibly the 
1 10 surface for nickel, 12 effected'by mary materials 13 ), 
the loading flux into the bulk volume of the electrode 
must be distinguished from the gas evolving flux, 9 which 
is controlled by £ [the electric order/thermal disorder ra- 
tio 11 involving the apiplied electric field energy to ther- 
mal energy {k B * T)]. This paper continues to confirm 
the observations of excess enthalpy for nickel cathodes, 
clarifies the role of the input power, and extends the Q ID 
model of isotopic fuel loading to conform with these 
observations. 

Conventional 14 and multiring calorimetry 8 * 15 can 
eliminate several sources of erroneous false positive 
"excess heat," including nickel colloid generation and 
recombination. Electrochemical experiments, using 
nickel, aluminum, iron, and platinum cathodes with plat- 
inum or gold 16 comprising the anode in light water so- 
lutions, examined the enthalpy generated by electrically 
driving each electrode, pair under varying input power 
levels, 8 compared to ohmic controls contained within the 
same solution. Samples of straight, spiral-wound^ 8 and 
woven? 6 nickel cathodes under^ low-to- 
moderate;*^ 

: ' : excess -enth^ y^vy':^ • 

;^ using a 

I multi^^ 

either/mp^ condi- 
: .tions (^2^ notch, 
the pe^'power ratio XlM); in the range of 2.5 to 3- >yva? 
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power or current levels back toward a ratio of < I. Such 
biphasic behavior of the observed excess heat 8 is impor- 
tant because — combined with the rarity of adequately 
loaded ahd properly prepared electrodes— it may ad-" 
count for some of the difficulty in reproducing these 
phenomena. 



EXPERIMENTS 

A multiring calorimetric system, containing dual feed- 
back control loops, 8 was used to both measure the elec- 
trical power and energy delivered during each sequence 
and to compare them to the power and energy released, 
by either or both the ohmic and the electrolytic power 
source. Several compartments (or rings, each composed 
-of-several materials-andh barriers) were iised; beginnin[ 
with the inner (source) ring and ending at the environ 
mem outside of the chamber. The thermal barriers ("rings") 
serve to thermally isolate the cell from the environment 
by a series of concentric envelopes, which allow redun- 
dant measurement of heat storage and transport, and enr 
■ able the addition of terms to the equations, which enable 
waveform reconstruction. 15,16 Figure 1 shows a sche- 
matic diagram of the five-ring calorimeter with a Peltier 



/ heating/cooling device. The electrochemical cell was com- 
pletely; contained in the first (inner) ring, which also in- 
clude^ con^l ohmic resistor (or two), a thermistor, 

' arid off ^n^^^ioris iron or aluminum in place as an 
alternate ciathode^the second ring was a closed system 
containing a largd area of the platinum as a recombiner. 
This ring, the larger of the first two rings,, also included 
an in situ pump motor. The pump enabled examination 
of the effect: of stirring water in the second compartment 
during a few of the initial control experiments where an 
additional thermal heater was used in the second com- 
partment. The. barrier between rings 1 and 2 was gas 
permeable. It was arranged so that the majority of the 
recombination would occur in ring 2, thereby eventually 
draining ring 1 of light water over several days after each 
fill (depe nding on the electrolysis rate, temperature, and 

between rings ^2 aid 3 was completely sealed. For sim- 
plitity/ not shown in the figure, are the pump motor in 
compartment 2; t^ thermal sources (en- 

thalpic controls), the gas outlet tube (closed for these ex- 
periment, except for Fig. 3) located in ring 2, and the 
humidity^dejtectprs and other sensors in rings 3 and 4. 

The infer two r ngs were monitored for tempera- 
tures (±0.1 K) usrri;; groups of matched thermistors 
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These included Omega precision thermistors (44034 and 
44006 series with additional Teflon insulation) and Boone 
thermistors (STH02 with in-line voltage and temperature 
compensation, each covered with insulation of molded' 
epoxy). Rings 3, 4, and 5 were monitored for temperature 
using Omega Engineering OMEGA 250 arid Vaisala 
HM132 temperature (and humidity) sensors; Other tem- 
perature measurements were made; to corroborate the 
former, with a Simpson dual temperature system, a UDEIec- 
tronics temperature system, an Omega 8020 pyrometer, 
a Honeywell recording relative humidity/temperature sys- 
tem, and Omega mercury thermometers (where accessi- 
ble and possible). Feedback control of temperature of 
either ring 3 or 4 was maintained by a Yellow Spring Ther- 
mal Controller Model 72 (bandwidth 0.1 K; second loop). 
Feedback control of temperature in ring 5 was main- 
tained by Honeywell water circulation zone control heat- 
ing (±3.5 K; first loop). 

For the spiral cathodes, Johnson Matthey brand wire- 
(0.49-mm diameter, cold drawn, protected from contam- 
ination by polyethylene) was carefully wound closely 
packed down on a sterile wood shaft of the desired di- 
ameter. This shaft wasremoved prior to the experiment 
with separation of the wire and increased availability of 
the surface area. The iron cathodes were commercial 
grade.* All nickel cathcies were handled and cathode as- 
semblies fashioned using sterile techniques to minimize 
-organic and solvent contamination. The nickel colloid was 
collected and spundown with a Clay Adams Windsor 0131 
centrifuge. The anodes were constructed either from wire 
matched to the cathode, from platinum wire protruding 
through Teflon tubing, or from paired platinum foils held 
within an acrylic holder as previously described. 17 The 
parallel paired platinum foil electrodes located on each 
side the of the spiral nickel cathode enabled electrolysis 
to continue with constant path length during the experi- 
ment (Fig. 1). The electrical path length was 0.5 cm to 
the center of the spiral in the midline at the axis. The 
use of platinum foil enabled relatively large area anodes 
(2.5-cm 2 peak). The electrochemical cell constant [LIA 
(I/cm)] was 0.76. Ohmic 1% precision resistors were care- 
fully prepared with multiple layers of Cole-flex irradi- 
ated polyolefin heat shrink tubing (ST221) to minimize 
their contact with the solution. They were washed in dis- 
tilled water and air dried, as were all electrodes prior to 
use.The loading was with either distilled water (CVS) or 
ordinary water (stored at sodium 1 milliequivalent per 
litre, potassium 0.3 milliequivalent per litre, TC0 2 - < 
5 mmol/l, chloride 12 milliequivalents per litre, and 
pH 7.4). b Other materials in the inner two rings in- 
cluded polyethylene, polypropylene, methyl methacry- 
late, and Parafilm. Teflon tubing and tape c were used 



"From Mallincloxidt., 

b Hitachi/Boehringer 9 1 1 autdanalyzer and Radiometer 28. 
c Chicago Specialty: Manufacturing Company; Teflon Thread 



/;-;f6r;se^^Anibber-stdpper was used in the second ring, 
located above the water level. Neither silicates nor glasses 
were used. The outer ring in the calorimeter included . 
both Styrofoam and an Igloo thermal box, supported by 
a wooden and Styrofoam structure to minimize thermal 

:; -xdhductionv' : .' 

Electrical voltage sources included a LAMBDA 
340A, LAMBDA LQ5 1, Kepco JMK 055, Regtron 050, 
and a He wlet Packard. HP722 AR. Current sources in- 
eluded a Keithley 225 and JET Technology 1280 and 
1200 Electrophotodynamic Drivers®, with transsample 
potentials of peak voltages of 107, 20, and 15 V, respec- 
tively. Electrical currents (±1%) ranged from 1 nA to 
3 A and were monitored with a Keithley 480 picoam- 
meter. Voltages (±0.5%) were measured with a Keith- 
ley 6 10C Electrometer, Keithley 179 TRMS digital 
multimeter, and Keithley 160B digital multimeter, or HP 
412 vacuum tube voltmeter for the reactor. An Amprobe- 

-^B^an-A^ 
used ferthe other electric^ ports and to cross check 
electrical parameters. AH alternating current measure- 
ments were made with a Tektronix 7403N oscilloscope; 
a Princeton: Applied Research Model 121 Lock-in Am- 
plifier; and a Microdot F280A programmable waveform 
generator. The power source used for the pump motor 
in the second ring was a Heathkit regulated power sup- 
ply IP- IB, delivering about 49 mW heat when in use. 
Lumped parameter impedances of all components [in- 
cluding" the open electrolytic ceils when dry and leads 
to the electrochemical cell (range 0.4 to 1.8 fl)] were 
measured and used to derive corrected values of V celi 
from Vappiud- The ohmic resistance controls (heaters) 
were in the range of 15 to 2500 fl. The lumped paranv- 
eter electrical resistivity of the aqueous solution was 1667 
ft-cm; however, controlled bubbling results in calcu- 
lated impedances as high as —12000 H-cm. The de- 
rived lumped parameter resistivity is artificial because 
of the low dielectric constant layers in front of the elec- 
trodes, which change the electric field distribution be- 
tween electrodes. The electrical setup included buffering 
of data acquisition signals by a high-impedance system, 
and cross checking. Data acquisition used four systems, 
a Computer Boards PPIO-AI8 board, d an ezAD mea- 
sureport 105 analog-to-digital (A/D) converter* with 
modules for three differential inputs, a JET Technology 
1280/D1 12, and a Keithley DAS-TC/B/The PPIO sys- 
tem has 12-bit resolution, sample and hold acquisition 
times of 15 fxs to 0.01%, and 0.01% (±1 bit) accuracy 
(input impedance 10 Mft)i 

; :Th$ ^JCeijMey- system was superior at almost 16 bit . v 
resbiutioHfoir ii5 differential inputs with CJC dompensa- v 
. tion (^ejmperature accuracy ± 1 .0°C, precision <0.5°C ). : 
:jThe natch^Bpone thermistors hail excellent accuracy^ 



Seal Tape (0.5 in,,- No. 6241). 



d Mansfield t Massachusetts. 
^Bbone^T^ Inc., Virginia. 



:;;€g f Keithley MetraByte, Taunton, Massachusetts. 
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when correlated with output With the Vaisala system Their 
,* temperature detection had a rated accuracy of ±6.8 K over 
t 223: to ajw^ 
lowing), with a^ehsof time constant of ^5 is Sn ; air. 
Temperature-dependent computed junction comiieihsa- 
tion was included to correct for junction potentials at the 
data acquisition location. With such A/D conversion 
and data storage, the calibrated precision is <0.i K res- 
olution (298 K). The thermocouples, thermistors* and 
other probes were compared in preliminary studiies as part 
of an ongoing thermometry study. Only the best probes 
were chosen for the experiments based upon thoseanitial 
tests. 

Samples were taken at rates of 1 Hz or greater to 
circumvent possible sampling error in all <^es of com- 
puted data acquisition. The computed input was taken with 
a 68000 series microprdc^br (Commodore AMga 2<X)b, 
2500, or 4000) with a sampling rate of 1 to 100 Hz, and 
a 386 series microprocessor (Zenith Turbosport 386, sam- 
pling rate circa 1 to 3 Hz). After storage on BERNOULLI 
Multidisk (2. to 5 megabytes per channel day), pre- 
processing of the data was achieved by slidihg-gate 
time average 18 " 20 over times ranging from 1 to 5 min to 
significantly improve performance 8,15 of the final pro- 
cessing computer system. 8 * 

In die absence of pump use, there was negligible elec- 
tromagnetic interference (EMI) of any significance rel- 
ative to the excess power levels under consideration and 
reported here. This was directly measured with an oscil- 
loscope (to 1 MHz) and a Holaday 1501 microwave 
survey meter (2450 MHz) to be <0.01 jtV/cm. In con- 
trol experiments, peak induced voltages were <50 mV, 
which would imply peak available power levels (if the 
EMI was able to couple to the electrode-cable system and 
was then impedance matched to the radiation resistance 
of the nickel-electrolyte-platinum system) of 10 /iW. This 
power is two orders of magnitude below the lowest noise 
levels here and is of no significance. With the electrical 
cables in parallel and with solution impedances of 1000 
to 9000 fl, even less EMI-contributed power would be 
available than in these control experiments where no ef- 
fort was made to minimize the area subtended by the 
leads. 

The experiments were conducted in the dark when 
possible. The enthalpy of visible and infrared electro- 
magnetic radiation has not been previously discussed, al- 
though it may be significant Therefore it w 
from these studies. The incident ^isibleMumimtion was/^; 
monitored continuously within the chamber by a photo-^ 
detection system in ring 4^j^^ 
subtending nearly one entire/ w;^^ 
prising that ring. There was no ^ significant input from this 
source for these investigations.- " ' ^ W> ! ;^ ; v ; " • 



Current calorimetry to examine the enthalpic behav- 
ior of current systems is simple, but the problems are 
formidable. These include the difficult determination of 
excess energy using the total heat produced and the input 
electrical energy. It is customary to use Newton's method 
and assume a linear time-invariant system. The output 
power is determined from the temperature rise, that is 
T\ — Tfath (— A0). However, the best calorimetric anal- 
yses 14 include additional terms involving thermal trans- 
fer by radiation (see Nomenclature on p. 72): 



Af° 



dA8 
dt 



~ lYceuif) . V ihcrmoneutral. bath ] * / 

31 P 



P ambient P 

x [(Cp,H 2 o. g - Q>,H 2 0,/) * Afl + Lh 2 o] 

+ P x {t)+ Pk ■*.[«-! W -«-,(f-T)] 

^+***t(<fc«* + A0) 4 -<&, A ] . (1) 

The left term &-the increase in: enthalpy within the 
calorimeter. The terms on the right* si'de are the enthalpy 
input from the electrolysis, the enthalpy content leaving 
with the electrolysis gas stream, the putative excess power 
(if any), the heater calibration pulse (with the Heaviside 
functions), and the radiative energy transfer to the water 
bath. There are some major problems, however, with this 
equation. 8 - 15 First, the increase in enthalpy within the cal- 
orimeter is actually composed of several terms, and some 
of them are not a function of AG. For example, the bar- 
riers between rings have T x + T 2 terms. Three other prob- 
lems with theequation have been discussed using a more 
advanced model that includes thermal conduction as well 
as those terms in the heat and mass transfer equations 
that are not a function of the differential temperature A d 
(Ref. 8). 

Many of these issues are corrected here. In this more 
inclusive model, thermal conduction is included. 15 The 
other errors corrected here include the compartmental 
model of the rings, which enables consideration of en- 
thalpic uptake by each barrier. Thus, the terms compris- 
ing the non water portions of the calorimeter are expUcitiy ; 
•separated put as the materials (reflected as the summa-: 

|tiottte^ foIlowing:discussion)^ih each compart-- 

Jnient. -The value Aft is not used here simply because;: it 

Ijjsg^^ but more i^ot 

^is^Hii^ can ^dmyjed by the use vof -the; 

additional rings. Because successive rings are involved 

i^d used, additional information [enthalpy to ring 2 (pre- 
Mou^^ath")] is not lo^jlt can be added in for each 




Swartz 



BIPHASIC NATURE OF EXCESS ENTHALPY 



materials constitute barriers between rings, and hence the : 
energy terms have T x + T 2 terms as opposed to only 
7, - T 2 terms. ^ 

Briefly, the mathematical solution to the power'* 
and energy flow equations is derived from a Q ID 
model of heat:and t mass: transfer in; a c^rinwt^IWs 
should not be confiised with the Q1D model of isotope 
loading*" 1 ' of the cathode from the solution: In the cal- 
culations, account was taken of the specific heat and 
mass of all barriers, although inhomogeneities in the bar- 
riers were not considered. Given that there were no sud- 
den changes in thermal diffusion and ignoring the 
inhomogeneities and anisotropics, the barriers 1, 2, 3, 4, 
and 5 remain spatially fixed, thereby making the math- 
ematical solution amenable to the Q ID heat transfer 
analysis. 9 " 11 ; : 

The boundary conditions are the first ring (Contain- 
ing the electrochemical cuvette and monitored as r^the 
feedback-controlled midrings (7 3 or TA and the zone- 



controlled room temperature. The heat and mass transfer 
equations between each set of rings determines the ex- 
cess heater power (both as an incremental term and am- 
plification rate) and excess energy, if any; 

There remains some confusion as to the definition 
of input power and excess heat. 21 However, the^electro- 
chemistry considers the thermodynamics by simply 
assuming the steady state is achieved. 22,23 Even though 
the theoretical decomposition voltage of water is 1.23 V, 
it is the thermoneutral potential V fAtfrm that is sub- 
tracted from the cell voltage to derive the electrochem- 
ical "input power" where the voltage is V cell - y therm . 
The thermoneutral potential, based on the standard free 
enthalpy of water, is 1.48 V for light water (1.54 heavy 
water), which is the potential that produces gas without a 
local temperature change. Although most calorimetry in 
the field is directed towards utilization of the ther- 
moneutral potential, it is simply not respected univer- 
sally. The major reasons are the lack of thermodynamic 
equilibrium, the use of this number (V cetl — V therm ) in a 
denominator, and the lack of evidence that this system is 
isothermal. 21 

This paper uses power and energy in the manner 
defined as follows. Because of the previous discussion 
and because power in electrical and power engineer- 
ing 24 * 25 is defined as V * /, input power for these exper- 
iments-is defined as V * f, and does not include reduction 
of the transsample potential by the thermoneutral poten- 
tial (1.48 V for light water). 21 The output parameters 
derived from P out (the output power in watts) include 
the power amplification factor ir Ni (nondimensional), 
which is defined as PourMh = ir^ and ^ 
excess power [= P x (watts)], defined as F 9 ur ''^ P&Fw' 
these experiments, ^ 
power from energy because stbra^ 
nisms of "negative" p«wer can 
excess heat, not supported by the total eMrgetic cbm-^ 
putations 8 ' 16 * 21 : 



: - v dT x ^ \ (Cp.z l2 *M Zl2 ) d ( Tl + r 2 ) 1 



\iYcett) V thermoneutral] 
P 



31 

xi - — * 



P ambient P 

X {[(C P >: z o. g - C P . Hz oj) * (7", - r 2 )] + L H2 o) 
+ PAD + Ph * {[*-, «] - [«-.,(r - r)]} ' 

+ k Rl2 * {Tt - r 2 4 > + k Clz * [(r; - r 2 )] (2) 

; ,We correct Eq. (2) with an electrical input that is 
uniquely and more easily defined because the thermo- 
^uj^j^tehtial is no t used: 8 - 1 5 : Fu^ 
small number in the denominator is avoided. 21 The finaf 
two terms match the final term of Eq. (1) and the cori- 
duction term previously omitted. 14 As discussed else- 
where^ using waveform reconstruction techmques v both 
power and energy are monitored so as to rule out energy 
storage land other false positives of excess heat. 8,13,1 ^ 



RESULTS A/ 

The multiring calorimeter was sensitive and stable 
under the conditions described elsewhere 8,15 and en- 
abled significant short experimental time constants after 
very long settling times (settling time and thermal noise 
decrease of ~-l mW/h). The best choice of barriers and 
thermal masses has been those chosen to provide a short 
time constant between the first and second rings thereby 
enabling many experiments during each sequence. Close 
examination of the heat transfer coefficient within the 
multiring system has heralded that delta-7/power input 
may not be a constant. This is consistent with, the non- 
linear terms in the heat transfer equation. By the use of 
differential (and integral) equations, generated powers and 
energies in the ring system have been derivable anyway. 
Following minimization of the background noise, this sys- 
tem ruled out false indications of excess heat allowing us 
to focus on purportedly active samples of nickel under 
controlled low-to-moderate current density conditions. 

;: When careful observation is madb bf sbm<^ 
of nickel under controlled loW-to-moi&rate cutoS^S® 




sityvC^odic ' conditions excess; h^^i5b«»p^^l|^i 
ure 2 shows the output for a reactor 'cbniii|a^^^| 
foil: anbd^ and a^piral mctel ^ 
;CHJO) j. The inptuCand (kitpur pbwfcr;^^ 
jcaloriiheter are ; sjrowh. The step-like ffinctioiis ; ^?the^x> 
jenbrgy- 

'me^ured output powers (including thermal backgrqtmd); iSS 
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Input and Output Power and Energy 

nickel spiral cathode, pt anodes/H20/Expt 34-5; Dec 30.94 
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Fig. 2. Thermal spectrogram. The input and output power and energies of a platinum foil anode (4.0-cm 2 area) and spiral nickel 
cathode (4.8-cm 2 area, 0.059-cnr T volume) in ordinary light water (H2O) are shown. The step-like functions are the en- 
ergy curves (read off the right y axis). The powers (thermal background, input, and output) are the remainder of the curves 
and have a logarithmic scale (left y axis). To the lower left is shown thermal noise (background for this experiment) 
ranging from 1 00 to a few milliwatts and extending until the first input (control) pulse at —8 h. 



are the remainder of the curves and have a logarithmic 
scale (lefty axis). Figure 3 shows the output for a second 
reactor containing six spiral nickel cathodes (combined 
28-cm 2 cathodic area, 0.35-cm 3 volume). To the lower 
left is shown the settling time and thermal noise (back- 
ground for this experiment) ranging from 60 to 90 mW 
and extending until the first input (control) pulse at 
— 1 2 h. These figures show that these systems are char- 
acterized by excess heats in greater amounts than that 
which occurred for the ohmic controls. 

When platinum foil was used as the anode, at inter- 
mediate power inputs, a repeatable excess heat for cer- 
tain conditions was obtained. There w^^more excess heat 
and more clean postreaction rea^rs^m^gr^ yby : the: 
absence of both corrosion^ 



area platinum; anode reactor systemsiHqfc^ ; 
wire as the^bd^ 
in the range pf^ 

was below 5 V- For nickel spiral*^ 



foil anodes; the; power amplific 
2.27-™ fbrjtr^s 




(nickel) of more than 7 = ° W/cm 3 or 0,088 ± 0.053 
W/cm 2 . The peak energy ratios £„„,/£,„ have been in the 
range of 1.3 to 1.9 (maximum 2.4). 

For controls, ohmic resistors (as thermal heaters) were 
included in the reactor and with each experiment pro- 
vided metachronous bracketing of the reactor response 
to the electrical energy input pulses (Figs. 2 through 5). 
Neither the iron nor aluminum as cathodes had evidence 
of excess heat, but instead demonstrated recovered power 
ratios of less than one. These power amplifications for 
open systems were as low as 7r Fc — 0.71 - 0 I and ir A i — ■ 
0.75 =0 \ respectively. Platinum, examined in the pres- 
ence of nickel, did not show any compelling evidence of ^p if^ 
power, gain either. As a control, in .those , reactors ^tte^^ss^j 
two 'platinum anodes, the platinum anode-platinum cath- r 
ode system,, with the nickel electrode op^ 
'ween^ had 'recov^ 

differingj^m l.O by levels comparabfe to noise at-ftei; ; bS^St: 
low inrjutelectxic^ power levels tested (irpx — 1.19 -- 037 ); Vv ; 
A bi^h^c response to input electric power was ;ofcK 
; . served 



~ water 

'£■>"-■■■■ -l- 



ttie generatipn^qf ^excess ( h^t S^^g 
tterSlffig^ 
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Fig. 3. Thermal spectrogram. The input and output power and energies of a similar system as in Fig. 2, located within a four-ring 
calori'metric system. Six spiral nickel cathodes (28-cm 2 combined cathodic area, 0.35-cm 3 volume) were driven in dis- 
tilled ff^O. The step-like functions aire -the energy curves (right y axis). The powers (thermal background, input, and 
output) are the remainder bf the curves'and have a logarithmic scale Qefty axis). To the lower left is shown thermal noise 
(background for this experiment) ranging from 60 to 90 mW and extending until the first input (control) pulse at — 12 h. 



where stability and sensitivity of the multiring calorim- 
eter were maximized, an optimum notch or peak was ob- 
served in the curve of power gain versus input power, 
current, and voltage under low current density condi- 
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21 ; , 31 : 

B iphasic character of power amplification factor (H2O). 

The biphasic character,6f ppw^ 

/^/P/J&siafu^ 

in an experiment usinga plan^i^^ 

area) and a spmtfriicfcete^ 

cm 3 volume) in Ught water (H2O). ■•' - ^ r ■ ^ 



tions. At the notch, the peak power ratio ir Ni of 2.5 to 3 
was typical with a fallofF under increasing input power 
or current levels toward a ratio of 1. Figure 3 is a graph 
showing the biphasic character of the power amplifica- 
tion factor [ir>r t (nondimensional) defined as P 0 ut/Pin\ as 
a function of current figure 4 is a graph showing the 
output of the nickel cathodes and a control as a function 
of logarithmic applied voltage. 



INTERPRETATION 

The results of excess power in this loaded electrode 
system are consistent with reports in some of the litera- 
ture for nickel light water, 1 " 7 heavy water, 26 * 29 and other 30 " 32 
systems. Given the xr-notch results reported here, these re- 
sults might even be consistent with some .of the observed 
negative findings involving electric drive at either ex- 
treme The observations of biphasic behavior may also be ^; 
consistent with some of the negative experm^ 
ex^riments were actuatt^^ 
of the notch. Such biphasic behavior of ihem 
ac^unt for some of&ewides^ 

^vFalse positives have been feonsidere^ 
out in this investigation; As discussed eilsewhere,;mckel^;;7 
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Power Amplification 

Mdel camode.,Ranodes/H20/Expt 33-7; Dec 26,94 
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Fig. 5. Power amplification for platinum foil anode-spiral nickel cathode (H 2 0). The power amplification as a function of the 
transsample potential is shown. The power amplification is seen to be - 1 for the ohmic controls (labeled R). Ni(Bi) refers 
to one platinum foil-spiral nickel cathode system. Ni(R) refers to a second platinum foil— the nickel cathode experiment 
differing only by a diminished area over a portion of the solution path length. 



colloid generation, recombination, and sampling errors 
are capable of generating false positives. A light green- 
colored nickel colloid (which settles over hours) was 
observed to follow anodic polarization of the nickel elec- 
trodes. By allowing anodic polarization to continue for 
days, this voluminous gel, possibly consistent with nickel 
oxide and/or nickel hydroxide, 33 was collected. This col- 
loid material is capable of interfering with measure- 
ments because it may be able to store electrochemical 
energy and may contribute aidditional conduction polar- 
ization 34 and other 35 effects. Because anodic polar- 
ization has been reOTn^ended in die literature, 1 " 3 the 
presence ort^ n^ ruled 
put in thqse^ca^;^ have 

occurred, to elinuna^ „ _ m% ^ ^ ,^ 

de rwiay b^cau^^^r^^ 



any error due to recombination was definitively ruled 
out by taking the input power as V * /, defined by Pbynt- 
ing's vector. 24 * 25 Third, many of the excess power levels 
are more than an order of magnitude greater than those 
provided by recombination. Fourth, since V * / is used to 
define the electrical input, then to the degree that any 
recombination does not occur, the measured outputs and 
derived excess heats, are a lower limit to that which ac- 
tually is present. 21 J6 

Contaminants do not appear to be responsible for the 
excess heat in these experiments. Silicate deposition has > ■ 
been hypothesized to create a false positive of 'exd^^i&0^^ m 
elementary analysis reveals that it can: pr^ 
not excess heat under normal conditio^ 
more, silicates were not present here. Uthiium dtpbiition 



ought ^ «clu<^ to such 



^jsi|^^;:tp,preverit ruction wi&w^^ 



ufjn^ TTie lac& bf 
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w The reported result of the electrical resistance effects 
of the leads is important but, in any case, could not account 
for the observed calibrated excess heat in these experi- 
ments using nickel. This is because the contacts and Iead$ 
were measuredfqr these experiments, and their resistances 
were arrangbd^ with the ohmic 

controls. Ei^rc be- 
cause they Were^il^ at 1 to 
10 Hz, using precision current sources and visual indica- 
tors when any maximum available voltage was reached. 

Given the documentation of the excess enthalpy now 
observed, it is important to take a closer look. Figure 5 
demonstrates the effective activity of one spiral nickel 
sample as a function of the logarithm of the applied volt- 
age. For the actiye; nickel, the power amplification factor 
7r Ni has a signific&tly high initial peak TI Ni and an ex- 
ponential falIoff;jw|uch on the logarithmic plot of Fig. 5 
appears as a straight line. There appears to be a "peak 
activity n Ni ," arid a ^drop-off." Thus, this might be mod- 
eled by an aetiv^^atrdoes : have exponential^* r and 
k 2 ) as well as ^^pi^fk)nential term. The power 
amplification factor thus becomes 



<ir Ni = ri Ni ^xp[K| * (V - K 2 )]" 



(3) 



The preexponeritial term, thepeak activity 11^, charac- 
terizes the material comprising the electrode. For controls 
this (cf„ Fig. 4) preexponential term is equal to unity, 
and there was no-observed enthalpic postdrive behavior. 
The solution and its response to the applied electric field 
intensity, the geometry of the electrochemical cell, and 
even the lead electrical impedances may account for the 
"shift" by altering the effective voltage actually avail- 
able for a useful electric field intensity in the vicinity 
of the active fully loaded material. Experiments are cur- 
rently underway separating out the influence of these 
parameters. 

Futhermore, other materials like palladium (loaded 
electrolytically from heavy water) may demonstrate such 
biphasic curves characterized by a considerable "shift to 
the right" because of their own rapid internal redistribu- 
tion of loaded isotopic fuels, and so may not demon- 
strate the biphasic notch until much higher drive levels 
able to achieve adequate loading.* 

Also important, these experiments have demon- 
strated that A Ni is not a constant. The falloff with increas- 
ing power input is-also consistent with the Q 1 D model of 
isotope loading*" 11 especially where A Ni (the loading ra- 
tio) decreases with increasing power input With the model 
written in general terms of hydrogen (which could be deu- 
terons or protons); the solution to the partial differential . 
equation is separable into ;five ; terras after separation 
of variables. Tlxe resiilt is dete by three nbn- 

dimensipnal factors: A N i r the loading flux ratio?; the 

'At the ILENR2 Conference, Dr. George Miley suggested tiiat 
reported transmutations might proceed in the region beyond 
the ir-notch. ^ v-vv\- 



fractional amount of intranickel hydrogen that actually 
contributes to the desired reactions 11 ; and £, the electric 
order/thermal disorder ratio l0J 1 : 



Jfus 



= [g H *[H + ]] ^ 2A Ni 
* (2A Ni 



L e (2A Ni + 1) 

1 "' \ {q*V) 2 



The first term results from material and geometric 
factors. The second term is composed of gas evolution 
terms. The next two terms reflect the applied electric field 
intensity and k B T and are dominated by the ratio of the 
applied electrical energy that is organizing the distribu- 
tion of hydrogen to the energy available for its random 
thermal disorganization. 

As a result of the actual observations, this fusion equa- 

count for the observed increasing probability of gas 
evolution with increasing transsample potential. An at- 
tempt was made to approximately analyze this by defin- 
ing the loading as an exponential involving the ratio of 
the applied electric field intensity and the thermal disor- 
der. Taking into account that there is a known threshold 
to gas evolution, the loading factor might then be de- 
fined as 



Ni,0 : 



{e*p[-e,^(^)]} (5a) 



and 



LV=V-V, 



threshold * 



(5b) 



where V threshold is the threshold voltage where hydrogen gas 
evolution first occurs. The value A Ni%0 is the preexponen- 
tial factor. The value 0^ Ni is the exponential factor relat- 
ing the order/disorder ratio to the observed loading ratio. 
In this zeroth order approximation, 0^^ is independent of 
the threshold voltage, although they may be linked. 

Figure 6 shows the corrected fusion rate, using 
Eq. (5) in substitution, for the Q1D model of loading. 
Shown here for various ©A.Ni are a series of parametric 
curves that demonstrate the relative fusion flux rate as a 
function of the ordering parameter. Figure 6 should be com- 
pared to Fig. 4. This observation of similar curves may be 
consistent with the fact that the Q ID model is valid as re- 
gards the loading at moderate-to-large applied voltages. 



SUMMARY AND CONCLUSION 

- :This paper reports; comparison tests of ^cicel^ 
aluminum and iron cathodes with platiniiin used' as die i 
anode in light water (H2O) solutions. Several sources of 
erroneous false positive excess heat, which can occur. . 
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Fig. 6. Biphasic character of power amplification factor and 
D mode l of loading. These curves show the, cor -; 
retted expected fusioa ra^ 

of loading. Various loading-parameters were examined 
(0 N i), and there results, a seri^ qr^ 
These curves demons;trate ai biphasic output in the rel- 
ative rate of the expected reaction as function of the 
ordering parameter .[proportional to the voltage (V cW/ ) 
if all other factors are equal]. 



under uncontrolled conditions, including nickel colloid 
generation, recombination, and analytic errors, have been 
ruled out. When careful observation is made of some 
samples of nickel under controlled low-to-moderate cur- 
rent density, cathodic conditions excess heat is observed. 
When nickel wire was used as the cathode, there was power 
amplification in the range of 1 .44 - 0 * 58 . When cold worked 
nickel spiral cathodes with platinum foil anodes was used, 
the power amplification was in the range of 2.27 - 1 * 02 . 
Neither iron nor aluminum demonstrated excess heat. 

A notch or plateau is observed in the curve of power 
gain versus power input and is important because it may 
account for some of the wide-spread difficulties in ob- 
serving the phenomena. The exponential falloff of the out- 
put with increasing electric potential may be consistent 
with the Q 1 D model of isotope loading. Although the Q 1 D 
model of isotope loading does not explain exactly the na- 
ture of these reactions, it — and the observed 7r-notch — 
begin to explain when these reactions will not occur. 
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r-tr: 



= area (cm 2 ) 

= diffusivity (cm 2 /s) 

= specific heat water, light water [J/(K*mol)] 
= deuteron concentration (mol/cm 3 ) 
= initial deuteron concentration (mol/cm 3 ) 
= energy (J) 

= electric field intensity (V/rh) 

= incremental energy (J) 

= relative energy gain (nondimensional) 

= Faraday (96484.56 C/mol) 

- electrical current (A) 

= deuterons entering cathode [mol/(em 2 -s)] 

= deuterons crossing surface to participate 
in fusion reactions [moi/(cm 2 -s)] 







deuterons evolving to gas [mol/(cm 2 -s)] 






Boltzmann constant (J/K) 


k c 




thermal conductive coefficient [J/ 
(cnr-s-K)] 


k R 




radiative conductive coefficient [J/ 
(cm 2 .s-K 4 )] 


L 




length (cm) 


^H 2 0 




enthalpy of evaporation for water (J/mol) 






mass of all sensors, probes, leads, etc. 


M 0 




mass of solution in compartment 1 


M Z \2 




mass of barrier between rings 1 ,2 (g) 


P ambient 




ambient partial pressure (Torr) 


P electrolysis 




ohmic control heat (W) 






heater power (W) 


Ph^o 




partial pressure of water (Torr) 


Pin 




input power (= V* I) (W) 


Pout P in 




incremental power ,(W) 



.yP.QUilP.il 




- power amplification (nondimensional) 
= excess enthalpy = P^ess ( -W) 

= electric chztgi (C) 

- temperature (K) 

= temperature inner ring (K) 



^^B^^^??f ^ temperatufe (K) 
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«-■(') 

V thermaneutral 

Greek 



== ^ Heaviside function (ndnd^ 

= potential across electrochemical cell (V) 

= thermorteutrai potential (1.48 V ) 

= combined them^ 
S linearized radiaBy^ • K )] 



a, - 
Ad 

AF°(H 2 0) 

AG°(H 2 0) 

AT 

At 

8- 

*l 
*2 
^Ni 
V-D 

n Ni 



=• increased thermal capacity in first ring due 
to electrodes, etc. [J/(K-mol> 

= T, -T2 = delta.r(K) 

= standard free enthalpy water (J) 

= standard free energy water (J) 

= change ini 7 during A/ (K) 

= increment in time (s) 



= thermal capa&ty of barrier between rings 
1 and 2 [J/(Krmol)] \}[ 

= electrical brder/thermal disorder ratio 

- (nondimensional) 

- used in some~calorimetric equations for 
temperature (K) 

- loading potential characteristic '(1/V) 
= first exponential factor for ir Ni 

= second exponential factor for ufo-, 

= loading ratio (nondimensional) 

= electrophoretic mobility [cm 2 /(V«s)] 

= peak power amplification factor (non- 
dimensional) 

= power amplification factor (non- 
dimensional) 

= Stefan-Boltzmann constant [J/(cm 2 *s-K 4 )] 

= potential = -V (volts) 

= deuterons involved (nondimensional) 
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COLD "FUSION": THE TRANSMISSION RESONANCE MODEL FITS 
DATA ON EXCESS HEAT, PREDICTS OPTIMAL "TRIGGER" POINTS, 
AND SUGGESTS NUCLEAR-REACTION SCENARIOS 

MITCHELL R. SWARTZ, MD. 
Robert T. Bush 16 Pembroke road, 

' TO*', MASS. 02193 

Physics Department 
California State Polytechnic University 
3801 West Temple Avenue 
Pomona, CA 91768 



Abstract: The transmission resonance model (TRM) previously 
introduced is now combined with some electrochemistry of the cathode 
surface and .found-to . provide a good-fit to., new data- on excess. -heatt-Jror the 
first time, a m only fits caiorimetric data, but also 

predicts optimal;"^ that the model is . 

meaningful and that the excess phenomenon claimed by Pons arid ' 
Fleischmann is genuine. A crucial role is suggested for the "overpotentiaT 
and, ia particulair^|f6r the "concentration overpotcntial"; i.e.,. the "hydrogen 
over-voltage". "iSelf-simih r .geometry", or "scale invariance", i.e.. a "fractal" 
nature, is revealed by the relative excess power function. Heat " bursts" are 
predicted with a scale invariance- in time, suggesting a link between the 
TRM and Chaos Theory. The model describes a near-surface phenomenon 
with an estimated excess power yield of about lkW per cm 3 of palladium, 
as compared to 50W per cm 3 of reactor core for a good fission reactor. 
TRINT (Transmission resonance-induced nuclear transmutation), a new \ 
type of nuclear reaction, is strongly suggested with two types emphasized j 
Trint (transmission resonance-induced neutron transfer) reactions yielding 
essentially the same end result as Teller's, hypothesized "catalytic neutron 
transfer", and a three-body reaction promoted by standing de Broglic 
waves. The cross-section, <f, for the nuclear reaction that is the ultimate 
source of the excess heat is estimated to satisfy 10-29 cm^o < 10-20 cm*. 
Suggestions for the "anomalous" production of heat, particles ^and radiation 
are given. A "polarization conjecture" leads to a derivation of a branching 
ratio of 1.64 xlO' 9 for the D-on-D reaction in electrolytic cold "fusion" in 
favor of tritium over neutrons. The model can account for the Bockris 
curve, in which a lower-level production of tritium mirrors that of excess 
heat. Heat production without tritium is also accounted for, as well as the 
possibility of tritium /production without heat. Thus, the TRM has a high 
probability for unifying^ most, if not all, of the seemingly-anomalous effects 
associated with cold "fusion". . 
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Response: My article deariy stated that the 
crucial next step is. to verify the identity of 
the whitefly / p ro bl em strain. "The ankle's 
tone reflect* the aonospherc of crisis sur- 
rounding die whitefly.. The pest triggered a 
stated-emergency dirriararion in two Cali- 
fomia counties and has cost $1 18 million to 
date in /those counties, according: to the 
California Department of Food and Agricul- 
ture. Xo say merely that'thcrc are ^changes**, . 
in the whitefly : situation: docs not reflect 
what most iwotiiims in OaCfbtma agriculture 
consider a very serious problem. 

— Elizabeth Culotta 
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The effort to demonstrate the applicability 
of ftee-cltcuuii lasers: (FELs) to luhogiaphy 
described in the* item "Frbtn star* wars to 
chip . wars*. (Soc n ocS c ope, 22 /Nov., p. 
1099) n a cbllabonuion betWccn Los 
Atamos Natioaal Laboratory J Niotorola, 
and Texas Instramems; Saoona National 
Laboratory is not . involved. However, Los 
Alamos and Sarkha ate wotkiug together to 
explore the utility of a broadly based £>e- 
paronent of Energy* laboramryHndustzy cc4- 
labora&on to develop souk of the marxufac- 
mring tools and technologies that the 
•Mkrotech 200(T «dy recommends. The 
goalof7rfkrotrdi20^ 
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be the greatest chal- 
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Sidney Singer 
Prognufi Director, 
Directed Energy Science Technology, 
Los Alamos National Laboratory, 
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Cold Fusaoo: China Lake Results . 

• Gary Tanbes, in his ardde about Martin 
Ffeischmanrfs cold fusion seminar at the 
OlKxnia Institute erf Technology (News 
& Conmientv 13 Dec^ p. iS82) v states 
that "xesearchers working with the China 
t group have said that those observa- 
tions . . could be explained' by- helium-4 
contaminanon finom the ambient atmo- 
srAcrel^; We «J*wcaJ^^ 
with ' rcspce^^v 5^ 



China Lake and neither of us h 
such a statement. To my knowlo 
ther has anyone else at China La 
any such statement. 

Regarding our report of dmc-c 
measurements of excess heat an( 
(J), the simple yes-or-no detecrioi 
um-4 in eight of eight experiment: 
ing excess heat and the absence of 

- in six of six control : experirnenrs 

Vducing excess: heat (one , in D 2 C 
H a O) implies a chance probabilit 
(1/2) 14 - 1/16,384: or 0.00619 
attributing our results to atmospr 

. tarmnaoon should try to flip a c 
they obtain a^predcternuned sctr 
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iments at China - Lake producing t 
er amounts of excess enthalpy yi 
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taminauoh » a highly unlikely ex 
for our results. ; 
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Some comments on the paper Analysis of Experiments on 
Calonmetry of LiOD/D 2 0 Electrochemical Cells, R H 
Wilson et aL, J. Electroanal. Chem., 332 (1992) 1 * 

M. Fleischmann 

Department of Chemistry, University of Southampton, Highfield, Southampton, S09 5NH (UK) 

S. Pons 

Department of Chemistry, University of Utah Salt Lake Gty t UT84U2(USA) 
(Received 26 March 1992; accepted 1 May 1992) 

Abstract 

publications. We find that the authors haw not valM^.K — ^ . ° 0uUmed m subsequent 
sufficient infonnation to ^ S^^SiilP. ^ * "<* provided 

INTRODUCTION 

J^"^ we 
used two methods of evaluating the excess enthalpy generated in S JSen^ 
(above that winch can be attributed to the '^^^^^St^ 

"Approximate specific Ga^yw cm- 3 " (Method V} 

"Specific from regression analysis/W cm -3 " (Method 2). 



* Ref. 1. 

0022-0728/92/305.00 © 1992 - Elsevier Sequoia SJK. AH rights reserved 
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'Abstract 

A-model describing the electrochemical charging of Pd rods is presented. The essential feature of this 
model is the coupling of the interfacial processes with the transport of interstitfals in the electebde interior. 
It is shown that boundary conditions arise from the solution of equations governing the elementary 
adsorption-desorption and adsorption-absorption steps and the symmetry of the electrode. Effects of the. 
choice of rate constants of the elementary steps and the charging current on the surface coverage, the elec- 
trode potential and the time required to complete electrode charging are e x a m ined. 



1.0 Introduction. 

. !i; .;-r v ^;^lB'a* : recciit effort(l) : to account for the long charging time needed to initiate the effects reported by 
fj^i p^TTi^TiTi and Pons(2), in a Pd rod, certain assumptions concerning the concentration of deuterium at 
H thfc electrode surface, the nature of the interaction between the diffusing deuterium and the Pd lattice and 
the ihom^ of the medium were made. The condition of serd flux at the center of P d rod, used by 

• ^^1(1),^ is evident; however, the condition of constant deuterium concentration at the electrode surface, 
. iriou^ appropriate for charging from the gas phase, is open to question because, to be physically re'alis- 
ticy^e/jfoundary conditions must consider all processes that determine the concentratio n , or the flux, of 
the diffosing substance at the point where the influence c£ the interphase ceases. The nature of the interac- . 
tions of diffusing hydrogen and, to a lesser degree deuterium, with the Pd lattice, has been examined in 
considerate detaH(S-ll). To account for these :'mtm^aam;'^-.;^ simple, first order irreversible chemical 
reaction may not. )>e applicable. Moreover, a polycrystalline Pd rod can be treated as a homogeneous 
medium, but only under restrictive conditions. 

. The purpose of this work was to examine the problems associated with the charging of the palladium lat- 
tice. The charging of metals by hydrogen/deuterium by itself is a technologically important issue aside 
from the interest generated by the recently described extraordinary behavior of deuterium charged Pd 
rods(2). • x . 

2.0ModeL 

Prior to developing the mathematics of the electrochemical charging of Pd rods, we review those aspects 
that tend to control the penetration of deuterium. In particular, we examine the structure of the 
- electrolyte/electrode interphase, the deuterium evolution reaction, mteractions .between the interstitials and 
the host lattice, and the effect of grain boundaries in the polycrystalline ^^ mater^ T^; qualitative discus- 
sion provides the basis for the formulation of simplified governing equations in which we ignore the distinc- 
tion between a/fi phases and employ a simple diffusion coefficient for the purpose of modeling thexon=» 



pling between surface and transport (bulk) processes. 

24 Concept of an interphase / Charging fluxes. 

Two homogeneous phases that are in contact with each other / are separated by an interphase region. 
This region may be viewed as made up of several laminae each of which ^treated as a very thm nqmogehe«i 
ous phase(12). Often, to simplify the treatment, an appropriately defined single homogeneous phase may 
be substituted(13). The structure of the electroryte portion of the interphase was treated by van Ryssel- 
berghe(14); here, the structure on the metal side, with respect to transport, wfll be identified and exam- 
ined. " . "-^y-y^'-v •'*•/ '- .' ■• "■ 

Four fluxes are involved in charging; the Pi metal from the gas phase. They are the adsorption and 
desorption fluxes, j 2 and j_2» and the absorption-desorption fluxes consisting of the exchange between the 
sp, .-ies present in, the metal interior and the surface, J3 and respectiyely. In reality, the dynamics of 
the surface processes is more complexes, 16). In the case of electrochemical charging, Fig. 1, the structure 
is further complicated because the applied overpptential and charge transfer result in two additional fluxes, 
j 1 and The effect of the applied potential on the transport of interstitials becomes negligible at a 
point close to the metal surface where diffusion is initiated. 

2.2 Deuterium evolution reaction* ✓ 
The reaction path for the deuterium evolution is essentially the same as that for hydrogen(2,17), Eqs. (I) 

to (m) * 

D 2 0 + e- D{a) + OD~ ; k t , k_ x ft (I) 

followed by either ^ /'::;:™7"/^ ":i"rl'Z 



where (a) and (s) denote species present in an adsorbed state and in solution, respectively. Potential depen- 
dent surface coverage for special cases, e.,ff., tie steady state condition with an a priori specified rate 
determining step (rds), in the absence of absorption, was examined by Gileadi and Conway(l8).. They 
found that highest surface coverages are obtained when Eq. (HQ is the rds, i.e., is proceeding more rapMly 
than Eq. (II), but morre slowly than Eq (I). Furthermore, if Eq. (H) is the rds, i.e., is proceeding more 
rapidly than Eq. (ID), but more slowly than Eq. (I), the surface coverage exhibits a limiting value, deter- 
mined by the ratio k^h t ; the smaller this ratio, the higher the surface^coverage. 

The absorption into the lattice of electrcK&emiciQy generated deuterium is given by Eq. (IV) 

: ':y$(*y -* D(l); *4 i*-4 (IV) 

where (/) denotes species in the ^tice* The hydrogen analog of Eq. (IV) was investigated to a limited 
extent by Iyer eta/. (19). The inclusion of diSusibnal transport necessitates the separation of the inter- 
phase region from the diffusion space* The characteristic feature, of the Iyer et al. model is the interdepen- 
dence of the diffusion flux and the interphase reactions. 

2.5 Molecular interactions related to transport. 
There is ample experimental evidence of interactions between the interstitials and the host Pd lattice. 

.During the transport of hydrogen as well as deuterium, a change from the cc phase to the phase 
occurs. This change manifests itself by the lattice expansion which is larger in the a 'phase than in the 
(3 phase(6). The expansion of the Pd lattice creates localized highly stressed conditions that affect the 
diffusional transport (10). This deviation from ideality occurs even at very low hydrogen concentration 
with the process becoming more exothermic as the concentration of H[V) increases. However, once the fi 
phase has formed, the process becomes less exothermic. The rate of absorption increases exponentially with 

; the increase in H(l) concentratiori;ahd is at^ 

Quantum mechanical treatment requires that the motion of interstitials occurs by a hopping mechan- 



ism(9). The energies of activation for the HjD species are of an order of magnitude less than for other 
interstitialfl, while the values of their diffusion coefficients are many orders of magnitude higher indicating 



the importance of the pre-exponential factor. The jump frequencies for H interstitials are comparable to 
the highest frequency of the Kost lattice. Of interest is the fact that the isotope effect enters through the 
exponential factor, t. e. , contrary to the prediction based on the classical absolute rate theory(15). 

2*4 Forms of diffusion coefficient* V—^v'' 
Here, we review the various interpretation of the diffusion coefficient to underscore the importance of 

"in^actions 

law,Eq.(l) 0-r • 

,:;i;:, ; ,..:.f=p|f 3 . - W 

we note that in this form elation, D is a proportionality constant relating the flux, J , to the driving force, 
dc /dx . However, as written, Eq. (1) is valid only for non-interacting solute/solvent systems. Sul stitut- 
ing the activity for concentration, a = ccS, we transform Eq. (1) into an equivalent form ^ f 

Defining v — j/c as the average linear velocity of the .diffusing particles, we have for the Nernst- 
Einstein formulation 

/ (x)dx = B- X vdx ] B = D/RT (3) 

t.e. , the diffusing particles behave as if they were acted upon with the force /(z) against the viscous resis- 
tance. If additional forces are affecting diffusional transport, e. J. , lattice expansion, it is necessary to add 
the appropriate terms to the balance eqation, • Eq. (3)> ;C.^ ,:EJq. (4) •.. ; :*? ~ 

Comparing Eqs. (3)/(4) and (2) we note that f{x) — -dfi/dx while the comparison of Eqs. (1) and (2)^ 



yields the diffusion coefficient of the form 

D =='P<j exp 



RT 



/(f (x) - Edwi/dbOdx 



(5) 



Equation (5) implies that the diffusion coeffident reflects specific features associated with the transport. 
For example, Barrer and Jost (20) found that the transport of H(l) in the Pd lattice belongs to the 
"zeolitic diffusion*, where the probability of migration is proportional to the probability of finding an unoc- 
cupied site. The diffusion coeffident involving the possibility of jumps of length A over several sites has the 
form - '■ — •■ - ■ . ■ >: .• ■ 



I> a = (nA) 2 (l - I / exp(-E Il /RT) 



(6) 



where V is the oscillation frequency , (1 — f)* is the probability of finding a vacant neighboring site n 
times in succession and E n is the ex ^~gy of activation, most "likely a slowly varying function of n . The 
'effective* diffusion 'coefficient is the normalized sum of individual coefficients. Evidently, for small 
£, the n — fold jumps contribute substantially while for large £ only the first term is significant. 

Kuballa and J3aranowski(2l) f examining the transport properties at high concentration of hydrogen 
through the P — Pd lattice, employed the diffusion coeffident formulated on the basis of absolute rate 
theory, Eq. (7) 



A 2 

D = k f z v exp 
6 



S m +S f 



k 



exp 



E m + EL 



kT 



(7) 



where #c is the transmission coeffident, f is the correlation factor, A is the jump distance in the lattice, z 
the coordination number, v the vibration frequency in the potential well, S the entropy and E the energy. 
The subscripts f and m, respectively, identify the formation of a neighboring vacancy and the motion from 
one site to another. They conduded that within the a phase, the diffusion; coeffident is independent of 



concentration. However^ at higher concentrations, many hdghboring sites are occupied and both the 



entropy and the energy of vacancy formation must be induded. The formation of new sites is associated— 



with the mechanical distortion of the lattice, thus sharply increasing the vibrational frequency of the diffus- 
ing particle. As the concentration of hydrogen increases there is continuous change in the mechanism of 
transport, most likely involving the tetrahedral sites. 

la yet another example, the effect of mechanical distortion on transport was examined by Voelkl(lO). 
Results were expressed in terms of changes of the electrochemical potential, t.e. a factor appearing in the 
exponent of the diffusion coefficient. 

2.5 Effect of grain boundaries. 

Grain boundaries represent the locations of a high density of lattice imperfections. In effect, they may be 
viewed as internal surfaces where an exchange process, similar to adsorption-desorption, can occur. The 
interaction of an interstitial with a lattice defect is energetically quite different from its interaction with the 
undisturbed lattice. Consequently, by Eq. (5), trai sport properties should differ in polycrystalline material 

T ■ " 

as compared with those in a single crystal Yet, measurements of the stead} state permeation of hydrogen 
indicate no influence of grain boundaries. This apparent discrepancy is attributed to- the absence of trap- 
to-trap hopping of interstitials and the filling of all traps during steady state transport (22). By creating 
sinks, the tendency of interstitials to accumulate in the lattice defects modifies their transport before the 
steady state is realized. 

2*6 H(a)/H(l)-Pd vs D(a)/D(l)-Pd interphase behavior. 

Common reaction paths for the hydrogen evolution reaction and deuterium evolution reaction, reported 
by Schuldiner and Hoare(l7), do not assure identical rates of the elementary processes comprising the 
charging of palladium rods. Qualitative observations show considerable difference in the behavior of the 
interfacial region between hydrogen and deuterium, notably in the rate of absorption-desorption. Rolison 
and Trzaskoma(23) reported a significant difference in the rate of escape of absorbed hydrogen and deu- 
terium upon termination of the charging current. Szpak et a/. (24) found similar behavior by an in situ 
. examination of the penetration of deuterium and hydrogen by a single grain in a specially designed cell 



using Nomarski optics. 

5.0 Ponrralatian of chargpig equations. 



Davenport et aL (25) considered absorption from the gas, phase into a thin metallic film. We extend 
their treatment to consider a much larger solid body immersed in an electrotyte. This, body is taken to. con-' 
sists of N layers; the « — th layer having a volume Vj* and the area of the dividing surface between it and 
the t+1— th layer is 5; In general: VJ +1 and S^i % t^S; % t * +1 . The diffusion of deuterium in 
the bulk of the solid body is then considered as a process of jumping from one layer to an adjacent layer 
-wit h-a rate ^hat is proportionals the int to the number of .occu- 

pied sites in the initial layer and the number of vacant sites in the final layer. Consequently, we write for 
the time rate of change in the fractional number per unit volume of occupied sites, & in the *— th layer 
within: the bulk 

= -^^-|^-x. .-fc-x (l - f.V- ^- (1 - 

- s iti +& t (i - u+d-Si+i (i - ?.•)] j ; «' = i,2,3,...,^ (s) 

where k d is the jump rate constant and Z m is the maximum number of available sites per unit volume. 

The boundary conditions for this set of equations are determined by the physical considerations of events 
occurring at the first and N— th layers. The reactions (I) through (IV) set the boundary conditions at the 
first layer in terms of corresponding fluxes. Defining the anodic current as the positive current ( t.c. , tHe 
flow of electrons from the working electrode to the power supply), we obtain for the charge transfer reac- 
tion, Eq. (I) 



where r m , is the maximnm .number of sites per unit area and 0 is the fractional surface coverage. Analo* 




gously, for the charge transfer reaction Eq. (II) 

" ^ ( 10 ) 

While reactions (ID) and (IV) do not directly pass electrons through the interface, it is convenient to define 
equivalent charge transfer currents, Eqs. (11) and (12), respectively 

= 2Jb_ 3 [i? 2 («)](l-5) 2 - 2hP (11) 



'* =k^=J) - i __ 1 (I?) 



In terms of these currents, the time rate of change of adsorbed deuterium is given by Eqs. (13) 

Tt T^^-H+it+Ji + U (13) 

and the applied current, t , is given by Eq. (14) f 

i = i, i 2 + (14) 
where the last term in Eq. (14) gives the charging current for the interfacial layer in terms of its effective 
capacitance C and the time rate of change of the overpotentiaL The time rate of chan ge of the absorbed 
deuterjnm i n the interfacial layer , between the bulk P i and the electroly te is governed by both the flux 
through t he surf ace tfive n in terms of the equivalent current t ^ and diffusion into the bulk, which generates 
the flux: k d Z m 2 fij^foCl—fJ " & > 80 tkat the time rate of change of the fractional occupation 

of sites in the interfacial layer is given by Eq. (15) 

a{*d 5,-) i( . ' 

Equations (13), (14) and (15), in effect, specify the boundaiy co interfacial layer. 

The boundary condition at the N— th layer depends on the, physical arrangement; e.g. , with reflection 
symmetry at that location, the flux passing beyond the . N— th layer would be zero. 



. The jump rate constant k d introduced in Eq. (8) can be related to the diffusion constant by observing 
that, if the number of layers is large and each layer is thin, then Eq. (8)j which in cartesian coordinates 
'becomes 



dt 



(ft-i ~ 2ft + ft+i) 



(16) 



where S is the th ick ness of the layers, can be compared with the finite difference approximation to the dif- 
fusion equation indicating that the diffusion constant D — Z m 5. 



tS Charging of Pd rods; numerical gdtatidns. 



For a rod ( cylindrical symmetry ) divided into annular layers of thickness Ar numbered from surface 
to center ( 1 to N ), Eq. (8) becomes Eq. (17) ( see Appendix A ) 



dt Ar 



2r, 



ft-i" 



2- 



Ar 



ft + 



i ^1 



t = 2,3,4,..;iV (17) 

where r { = (JV - t + 1) Ar and ft^ +1 = fty in order to insure the condition of zero flux at the center of 
the rod as required by symmetry considerations. Similarly, for the interfacial layer between the electrolyte 
and the bulk, Eq. (15) becomes Eq. (18) 



dt 



2r„ 



2r„- Ar 



+ 



Ar 



-MP -ft)] 

r 0 - Ar 



m 

Ar 



(ft ~ 6) 



(18) 



where r 0 = NAr is the radius of the rod. 



Equations . (13) , (14), (17) a^d (18) form a set of stM ordmary differential equations that can be solved 
using ■f'i'j&i^ with suitable modifications 

to take advantage of the tndikgGa^ . 




4.0 Results and discussion. 

A propopsed requirement for the initiation of the effect reported by Fleischmann and Pons is that a set of 
conditiop« must be met to 'swifcch^n' the Pi electrode. Due to a large number of these conditions it is 
difficult, if not impossible at the present time, "to identify a dominant factor although a high degree of load* 
ing has been assumed to be one of the necessary conditions. High overpotentials and/or charging currents 
have also been proposed. In the context of the present discussion, we accept the correctness of the reaction 
path, Eqs. (I) - (IV). However, because of the lack of the rate constant data for the deuterium evolution 
reaction, the discussion is essentially reduced to the'exainination of the behavior of the set of coupled equar 

tions describing the charging process. 

* • * 

LI Construction of solution; input data 
The numerical solution of Eqs. (IS) , (14) i (17) and (18) requires three types of input pai^eters. The 
. first is associated 'with the electrode/electrolyte system, the second characterizes the initial conditions, and 
the third comprises tie rate constants whose effect on charging process is examined. The 
electrode/electrolyte system consists of two regions: (i) the bulk material characterized with regard to tran- 
sport by the density of available bulk sites, Z m , and the diffusion coefficient D; (ii) the 
electrode/electrolyte interface described by the density of available surface sites, J? m , and the rate con- 
stants for all processes including the exchange reaction, Eq. (IV). The assumption employed here of concen- 
tration independent parameters represents a first approximation only, but can be easily extended to incor- 
porate concentration dependences, if they are known. 

To initiate calculations, we assume that, prior to the application of a charging current, equilibrium has 
been reached so that the time rate of change of 17, 0 , and ft , % = 1,2,3...,JV will be zero; in addition, we :^/p^ : 
require that the time rate of change of the evolution of D^s) also be zero. The latter requirement imposes ; * 
. the condition that t 3 + tj == 0. Consequently, the equilibrium condition becomes ty = 0 ; j = l^i3,4^pfyV:-; 
EquiKbrium is characterized by tiie values of the three variables: rj % 9 , £ = ft ; t = 1,2,3,... N and det er- ^ / 



mined by four equations. It follows, therefore, that an equilibrium condition may not exist for arbitrarily 
chosen sets of rate constants for the four reactions, Eqs. (I) - (IV). Far this reason, it is convenient to 
choose equilibrium values for and £ with rj = 0, viz. y 9 = 0^ £ = ft ^ fc kese values to pixmde the 



following relationships among the rate constants, .Eqs. (19) - (22) 



*-i [OD-]0 O = k^D 2 0) (l-* 0 ) 



k-£D 2 {a)[OD-){l-0 Q ) = k 2 [D 2 O]0 0 



(19) 



(20) 



(21) 



*-<fo(l-*o) = *4(l-?o)^ 



(22) 



Table I lists the values of the parameters used in the computations described here unless noted other- 



wise. 



4.2. Electrode charging. 

To relate the charging process to observable quantities and to evaluate the driving force, we calculated 
the surface coverage, the electrode overpotential and the amount of absorbed material In particular, the 
surface coverage was selected because the operating driving force for the charging process is the chemical 
potential difference between the relevant species in an adsorbed state and those residing in the lattice. For 
the charging process to occur we require that the inequality, Eq. (23) 



(23) 



be fulfilled at all times. But, since ^(a ,t) = f x {0) and /i('i0 = / aG)* 54 follows that the charging process 
may be conveniently examined in terms of the surface coverage which is determined by the participating . 



processes responding to the applied charging current. The amount of material incorporated into the ele^^ ;^ 



trode interior and its distribution was calculated to determine whether or not a threshold value far "loading 
has been reached and to provide information on the efficiency of the charging process. 




. An example of an electrode charging is shown in Fig. 2 where two time intervals are delineated. The 
first, of a short duration, eg, less than 0.1 second, during which the processes within the interphase dom- 
inate. This period terminates when these processes become stationary, it as $(t) — * 0^ ii^^(tf'^- ; ^^ 

The second time interval, of * considerable length, is that during which actual charging of the electrode 

■ ' •' /;>"/•"" ': • 'f: : - : -y' : ' :: ^ y ' ■ ■ ■■ -^-^^^^^^^ 

interior occurs, «Y, the fraction of available sites occupied Q(i) Q^. 

LH Electrode initial response to current flow. 

The assumed model, E^^; : .pxiMdtt.& position dependent elementary processes, te\, it suggests the 
separation^iaf^rocesses occum 

that the electrode barging and the effect of rate constants can be examined within well defined time inter- 
vals, as ffliistratedin Fig. 2, of which the first time interval consists of three distinct time periods: the first, 
0 < t <T lt represents the charging of the double layer; the second, r x < t < covers the petibd ne^e^ 
for the attainment of a quasMtationary state; and the third i > r 2 is the time during which the electrode 
begins to accept intersttials, Fig. 3. For different choices of rate constants, the regions may be less distinct 
and the time dependence of the surface coverage and overpotential can have somewhat different forms. The 
amount of the interstitial material absorbed during the attainment of the quasirsteady state of surface coy* 
erage is insignificant under all conditions examined ( eg, on the order of 0.0001% above the assumed equili- 
brium value ). 

As expected, an elementary process that controls the overall reaction also controls the time dependence 
of both the surface coverage and overpotentiaL In particular, Fig. 4 illustrates the effect of an emerging rds. 
Here, the pairs of curves, respectively, a - a 1 , b - b\ etc are the 0(t) and 17(f) that represent changes in 
the surface coverage ^ with the changing ratios of Jfej/Jfc £ and k z /k v Clearly/ asivtlieseK; 
ratios are decrease^ tlw qu^steady state surface coverage, 0^, increases due to enhanced adso^^ and^ 



amount of absorption is insignificant; consequently, as expected, an agreement with, the earlier work of 
Gfleadi and Conway(lS) is evident. 

. A somewhat different behavior is seen as the rds is changed from the recombination reaction! Fig. 5 
curve a, to electrodesorption, Fig. 5 curve b. The effect, which is minimal in the cu^ 
with a more negative overpotential, decreased by ca 200 mV and a longer time required to attain the 
quaststaedy state* This is likely connected with the fact that the recombination reaction do^ not involve 
charge transfer. • : y^p^:: : ' ' t 



Intuitively, the present model ascribes a dominant role to the rate of absorption, [viz. , the higher the 
rate, the faster the charging of the electrode. However, due to coupling between the surf ace processes/no 
such clear conclusion should be drawn unless the interphase ( J3, J-3 ) controls the overall event. In gen- 
eral, an increase in the rate of absorption shifts the attainment of the quasi-steady state to somewhat 
longer times, as illustrated in Fig. 6. Also, the lower the rate of absorption, the greater the tendency to 
develop a maximum in the 0(t) curve, Fig. 6, curve a. 

The coupling effect of the interphase processes on the surface coverage and overpotential as a function of 
charging current, suggested by Eqs. (IS) and (14), is illustrated in Figs. 7-9. Here, three cases are illus- 
trated, viz* , with the electrodesorption reaction as the rds, 0\i m increases with an increase in the charging 
current, Fig. 7 ; with a less clearly defined rds, 0 \\ m first increases, goes through a maximum and then 
decreases, Fig. 8; and with recombination/adsorption as a. rather weak rds, 0 Vm always decreases with an 
increase in the charging current, Fig. 9. 

4*2*2 Charging of electrode interior* 

A threshold phenomenon has been proposed to initiate the effects reported by Fleischmann and Pons, , 
contingent on achieving a degree of loading exceeding a certain critical value within a reasonably short 
period of time, m this section, we illustrate the interphase control vs bulk transport control and show that 



an increase in the charging cnrrents need not increase the level of electrode loading. 

mg con^ n^is frustrated in Figs. 10 and 11. To demonstrate, ihe transition from h^ei^ase to fa-aa: 

terium in terms of Q(t) = £V iSt (t) / ^V f for the values of the diffusion coefficient differing by 
several -ofd^bf magnitude. As expected and fflostrated in Fig. 10, the initial electrode response is 
?^P^ d ^p;^pjff?^ fofflfficfc nt. Tne q nasKteady sta te wasestablished within Onagri. However, 
M ^ a,^^fld^ rf absorbed deuterium has begun, $ and Q Vazy falmc5in^ariy "w5hii^ For an 
unrealis^^ coefficient, ( cg,I) = 10~* em 2 a~ 1 j^"ani <3 reached almost simultane- 

ously their limit^ This is consistent with interphase control The- transition to transport control, 
however, is not s^rp and the electrode exhibits a mixed confaol for: a substantial range of diffusion 
dents, eg,10-* < D < 10" 8 emV 1 . In particular, for the set of input parameters' in the exampk ulus- 
trated in Fig. 10, the electrode charging is under diffusion control only when D = 10~* cm 2 * -1 or less. 
This transition from interphase to diffusic^control manifests itself by an i ncrease in the slop e d6/dt and 
a substantial delay in the achievement of fall saturation of the electrode interior. The distribution of the 
fiffing of the available sites, Fig. 11, further illustrates the transition from the interphase to bulk diffusion 
control. 

Another example of the effect of the complex interplay between the interphase processes at two charging 
current densities is shown in Fig. 12. Contrary to intuitive expectations that an increase in the charging 
currents should increase loading, the model pr«l^ 

tf .k*^?** 11 ^ r ^ uctio11 ™ charging time observed. ; r ? 

■ • SJB Cradndfng rem« r frp,' _'2_. : n_- ■ -.1. X-.il,'. ''. ' i". ._„• : 

" Iffi^^fe^^^ 8 tke con »PScated nature* the charging prc^. ft indicates that di^" 




tioi reaction cannot be jnstffied in view of recent ref^ts(23). Otbex simplific^ions, eg 9 the constancy of . 
input parameters can be corrected (for example/ a concentration dependent diffasion coefficient could be 



included). A more serious deficiency is the employment of the simplest interphase when, in fact, a super- 



charged region exists. 
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Appendix: Derivation of Eqs. (17) and (18). 



The cross section of the rod of length i and radius r 0 is partitioned into'iV anular layers of thickness 
Ar. With the layers labeled from 1 to TV from the outer surface to, the center, respectively, the volume V { 
of the t— th layer and the interface surface Sjj+i between the t — th and t+1— th layers are: 



where fj = {N — t + l)Ar. Consequently, the relevant surface to volume ratios are 



(1A) 
(2A) 



Si-U • : 2r f ,1 




': 1 


V- r 2 - r. 2 


^ ■ 




Ar 



(3A) 



and 



2* 



1 — 



Ar 



1 

Ar 



(4A) 



Subsitutions of these ratios into Eq. (8) yields 

2r f 



Ar 2 



Ar 



(5A) 



which, upon rearrangement becomes Eq, (19). The ratios given in Eqs. (3A) and (4A) become, for t = 1 



°0,1 



2r n 



2r„ - Ar 



1 

Ar 



(6A) 



and 



2r„ 



1 - 



Ar 



1 

Ar 



(7A) 



V x 2r 0 - Ar 

since r x = r q and r 2 - r 0 - Ar. Substitution of Eqp.-(6A) and (7A) into Ei (17) yields Eq. (18). V V 1 " 

The form of Eq. (5A) shows the relationship of Eq. (5 A) to the diffusion equation written in cylindrical''', 
coordinates and approximated by finite difier^ces^i^GeneniiV, k^Z m Ar would be identified with the d2fu— 




sion coefficient and the ratio 2r t /(r + r tHr;1 ) set equal to one as, in the limit, Ar approaches zero. How- 
ever, here we retain the ratio as Ar is not necessarily small enough to take the limit, but do identify the 
diffusion coefficient as kfZ m Ar. 





figure captions 



Fig. 1- Schema^ 

a - adsorption plane; t - . ■ , 

Fig. 2 - Evolution of surface coverage, overpotential and concentration of interstitial in the course of elec- 
trode charging. 

Fig. 3. - Surface coverage and overpotential asV a function of time. Initial period: charging of the double 

layer, 0 < t < unnrt eady^tatej-rx ^t ^r^j^Bsi-stezAy skate, t > - — — -~- r - ; — 

Charging current: — 40*10~ s A/ctn 2 ; 
Rate constants: 

k t = 10 s cm* /mole -s ;k 2 = 10cm* /mole -s ;~ , 
Jfc 3 = V&cm 2 /m<ok—8 ; k A = 2.^1^ cm* /mole -8. 

Fig. 4. - Surface coverage and overpotential as a function of time. Effect of an emerging rds. 
Charging current: — 40*10~ 3 A /cm 2 ;. 
Rate constants: 

i 2 = lAcm*/molc-8 r k z = 0Acm 2 /mole-8 , * 4 = 3-10 6 cm*/moh-8? 
k x = lO 2 , 10 3 , 10 4 , 10 5 cm* /mole -s curves a, b, c and d, respectively. 

Fig. 5 - Surface coverage and overpotential as a function of time. Effect of changing the rds. 
Charging current: -40- 10" 3 A /cm 2 ;\ = 0.1 ;fo = 0.08. 
Rate constants: = 10 6 cm*/molc-8 ,k A = 2.0-10 7 cm*/mole-8. 
curve a - k 2 — 1*0 cm*/moic—8 ;krf=-ffi 

curve b- k 2 =-10? cm*/mqle— 8;^k^^l^^^ /aM ^ rm —^ : -^d, 



Fig. 6 - Surface coverage and overpotential as a function of time. Effect of adsorption-absorption exchange y 




rate. 

Charging current: -40;10~ 3 A fcm\ 

Rate constants: *! = 10 5 'ctn z /mole-8 , it 2 = i0Ocm z /mole-8 9 k z = 0.1 cm 2 /mole- 8^ 

curve a - Jfc 4 = 3.p-10f r cm z /mole~8 • , " ; : ••■ ^ 

curve b - £4 = 3.0*10^ cm z /mole — 8 

curve c - Jb 4 = 3.0-10 6 cm z /mole—8 

curve d - Jb 4 = 3.0* 10! cm* /mole -8 

Fig777 r Surfafe^^ of time: Effect of charging current. r : . v - — - - : 

Rate const at 

k z = 1.0 cm 2 /moU-8 , Jfe 4 = 2.040 7 cm z /moU-8. 
curve a - -4.0-KT 3 A /cm 2 
curve b - -10.0'lt) rS A /cm 2 
curve c - -40.C 10~ 3 A /cm 2 
curve d - -S0-lQ~ z A/cm 2 

Fig. 8 - Surface coverage and overpotential as a function of time: Effect of charging current. Rate con- 
stants: as in Fig. 6 except for k z = 10.0 cm 2 /molc—8. 
curve a - -10.0-WT 3 A /cm 2 
curve b - -40.0-10" 3 A /cm 2 
curve c - -80.0-10" 3 A /cm 2 
curve d - -160.0-10" 3 A /cm 2 
curve e - -800.0-10" 3 A /cni 2 



Fig. 9 r "Surface i coverage and . a function of time: Effect of charging current; ^ : Rat^ con-^^ggg;, 

stants:^--'*'"' \, -^.v- . ' r ' '■ • ..■ 




curve a- -4.0- 10~ 3 A/cm 2 „ 
curVe b - -1Q.6'10~ 3 :A^/cm%ii'-'"y:^. 

cmye d - -80.Q-HT 3 A/cm 
curve c - -86o.O-10" 5 A /cm 2 

Fig. 10 -4 ISnie dependent oven^tential, */, surface coverage, 6, and normalized amount of ^sorption as a 
ftmctioit^dffidsi^ 

eurve^^ - z:::z:..:i^^:^. r . i . _ 

charging current: 0.1 A /cm 2 " 
rate constants: • 

Jfe 3 = 10 s cm 2 /f£<dc-rs ,* 4 = 240 5 cm 3 /mofc-fl ■ 

Fig . 11 - Normalized amount of absorbed material as a function of distance. 
Diffusion coefficients (in cm 2 / 8 ) indicated; Other data as in Fig. 10 

Fig. 12 - Effect of charging current on electrode loading. 

curve: ar 0.05 A /cm 2 ; b- 0.1 A /cm 2 

rate constants - . 

k x — 10 3 cm z /mole-8 \h 2 = 10 cm z /molc -s 

k z = 10 3 cm 2 /molc^8 ; Jb 4 = 2-10 5 cm z f molc-8 
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Radioactivity of the Cathode Samples after Glow 

Discharge. 

SAWATIMOVA KB, ^^B-J "Lutch" 
Scientific industria j^«^ e8 SS? rozhn ay. 
142100 Podolsk, Mo8cw-Region i: ..^4.Wie s n 
1 • - 1 St. Russian Federation / 

We registered 

foils (Pd, AO, Nb and <^^*£? irradiated by proton, 
- g , ow -4discharge_4t>e sampjes ^re _ W e consider 

deuteron and argon, . S sa mpies after 

that main activity is • beta e rn ^ jn the cc , n tact with X- 
' expedients /1/. Samples were ^^ Ho metnod with 

ray ' films. Semi ^ u artta Thl*ckenlSL x-ray films by micro 
measurement of ^e^^»^ «J beta activity of 
photometer ^used^ mad^the ^ ^ use of . trit.urn 
the samples . The x-ray r f urn i wa . 10 g« 8 -i m implanted ). The 
beta source with act.vity of 41 ID P- J ^.vacuum 
characteristic curve from this Um was 99 ^ 90Sr 

chamber. The high energy £*°* on ^ S s £ fte r discharge 
radiation (E P -546 keV) Wrthm ^ correspond s to 

termination the 7-^/5 .^^/cS'from S0 S r. Activity of 
equivalent dose of (1.5-4.5) iu w _ . estimated ..as 

isotope(s) ^^^^ I^W-K _ 
corresponding to ^Sr activity 01 \ # isotopes, with 

•Earlier we said *f 0 *^X~^^) «^ 

different energy, first < 20 key ana se » obs erved for ion 
Now we would like ^"^^^'hgh ion's density was at the 

^a^?£=^*^^ iayer of the x ' 

ray film. . . cllrface j n comparison with non 

Activity of the irradiated ™J a « £ (R ^ 2) . Encrease or- 
irradiated surface ? was less to£J P *^ig ^ ^ after 
the radioactive isotopes en «9.y .. ■ o V 

experirr^nt^ ^instead of ;P^¥ 

• P When we took other catho^ 

its activity yms Je^ 

of the experiments. Activity Ag ,Nb, 1 1 wa~ les* 



Activity of the films under Ag, Nb and others was more to 

^obs^rved Icrease of the sample radioactivity aunng the 
fir^st s^a ^ours after experiment and its decreasing later. 
It me^ that radioactive chains of the nuclear decay was 
regestrated. 

We did riot observe activity of the Ag. cathode after deuterium 
^s and^atched the Pd , cathodes* activity after Ar , Xetons 
under other^qual condition s of th e experiment, .hus i we 

StrS&fre - fetation tritium or chemical 
interaction H^D^T wth X-fayfil^ 

We have to note the following mam results: . „^ r _, 

. inffLss of : the ^mole radioa cti v ity "durin g the T.rst several 

hours af t^experimM^^- its decceQS,nQ ,ater; . 
■ ^"^^^■^^ ^cleu ywith differe nt ener^ ±orn 

units to Hnnrire ds keV on th e cathode ; 
• r ^n^tiJ^f th~ «*mples after'/ -, s*J i^^ticn presence. 

As the result we can suppose that we observed radioacUve 
chains of the nuclear decay, it means that j,e have more 
universal phenomenon than reactions «n the 'yetem Pd-D 
(passing nuclear process during and after .rracuatea low energy 
ions). 

? e 1. r |rw?timova, Ya.Kucherov and A. Karabut, "Cathode 
Material Change after Deuterium Glow Discharge Expenmen^ 
Transactions of Fusion Technology, v.26:1994,pp. ^89 394, 
Fourth int. Conf. on Cold Fusion, Dec. 6-9,1993, ! Hawaii. 

2 A. Karabut, Ya.Kucherov, I.Sawatimova Nuclear product 
rati; fir glow discharge in deuterium". Physics Letters A, 170, 

19 |fl1SaS,Va.Kuchero V> I.Sawatimova "Possible Nuclear 
Reactions mechanisms at Glow Discharge in Deuterium 
Proc.of the Third the Int. Conf, on Cold Fusion, Nagoya, Japan 
October 21^5,1 992, pp.; 165-1 68. . 
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Solving the Puzzle of Excess Heat without Strong Nuclear Radiation 

Xing ZhongLI* 
Department of Physics, Tsinghua University 
Beijing 100084, CHINA 
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Abstract 

excess hesat is from a nuclear source 
wiH§^^ is shown to be related to the barrier 

praeffi^^ in terms; <bif the resonance penetration theory. The boson nature 

of the ^ (D*), arid the deuteron energy band structure in lattice play the 

<^tidd roles ill filling the corresponding narrow resonance energy level. Prof. J. 
Hufcrap^^ answered, a^d "excess heat" without strong 

nudear^^ onabte phenomenon. It predicts: -(1) there must be a critical 

toading ratio; (2) the greaer the grain size and the actuation energy are, the better the 
reproducibility. >v 

1. Introduction 

After six years of studies on the "cold fusion" phenomenon, two facts are 
established: (1) Under certain conditions there is "excess heat" of several watts per cubic 
centimeter of palladium; (2) There are no commensurate neutrons, tritons, or y-radiation 
in parallel with the "excess hear which is of non-chemical origin. The regression is that: 
instead of using the neutron signal to convince people to believe there is any nuclear 
reaction, we attempt to explain that these two facts are due to the existence of a long 
life-time nuclear resonance state inside a lattice 

Early in 1928, Gamow proved that the life-time of an a-radiation nuclide, x c , 
was determined by the Coulomb barrier penetration number, 6 . P1 - At that time the cc- 
particle after disintegration was a free-moving particle , and x a oc 9 2 . Now the 
penetration of the Coulomb barrier happens in a reverse direction and in a different 
environment: the lattice confined deuteron penetrates the Coulomb barrier and enters a 
resonance state. TTie life-time of this resonance state, Txh, is determined by the 9 again, 
but Txh x e - Now tji is linearly proportional to the 9 due to the discrete nature of the 
energy level of the lattice confined deuteron which is different from the continuum of the 
free-moving darter^i— ■-■■^•■-•■^ 



1 



We will start from the experimental evidences of this long life-time state (section 
2); then, we calculate this life-time based on the nuclear resonance theory (section 3). In 
ord ^ S ^ resonance state, this theory requires a critical loading ratio which is 
^°^er^e|l-e^tebUshed experimental fact in the past five years (section 4). Finally, we 
discua? fte-femous cteulenge of three miracles (section 5), and the conclusion (Section 
'^6)01^$^:^:: ■' " V" 

2. Evidences for Long Life-time State 

;f.^e strongest evidence is from the "heat after death". pl The boiling-to-dry 
electrblytip cell was kept at about 100 8 C for three hours without any power input. Jt 
cleariy showed that the "excess heat" source was inside the palladium deuteride.- The 
reUable ^qrime^ric calculation proved that the energy released in this 3 hours was 20 
tim^ igreater than the heat of combustion possibly released by the deuterium storedin 
this system. This was a nuclear active state with a life-time of 10 4 seconds. 

The second evidence is from the "heat after life". 141 The SRI electrolytic cell was 

jmd Jnpui^^ not cool dowri aV a 

flow^orimeter clearly recorded that there was an energy source inside me systerhlMe : 
first peak of the "excess power" was about 100 mW (the accuracy and me precision of 
that experiment was i 10 mW), and the width of that peak was about 3 hours again. The 
enejgy ^eased in ^ese three hours was also about 10 times greater than the fieatiof 
combustion possibly ri leased by the deuterium available in the palladium electrode. This 
was again a nuclear active state with a life-time of 10 4 seconds. 

During the ICCF-5, J.P. Biberian's "excess heat" data [3] showed that after the 
shut down of the input power, the "excess heat" continued for 3-4 hours. Although 
there was no palladium lattice, an AlLa0 3 single crystal provided the lattice confined 
deuterons. Once again the life-time of that "excess heat" source was of the order of 10 4 
seconds. 

In the "Critical Review of the 'Cold Fusion' Effect", 161 E.Storms talked about the 
replacing time of the palladium deuteride. When he put the deuteron-loaded electrode 
into the light water cell, he observed the "excess heat" continuing for the first several 
hours. He called this time the replacing time, because he considered that when the 
deuteride was replaced by hydride, the "excess heat" was supposed to stop. From 
another point of view, this showed that the life-time of the nuclear active state was again 
of the order of 10 4 seconds. 

After my talk in ICCF-5, MEisner of the University of Houston was so kind as 
to give me his 1989 data for the "excess heat". 171 It clearly showed that the width of the 
first "excess power" peak after the shut down of the electrolysis was once again of the 
order of 10 4 seconds. 

It was not realized that the answer to Prof. IHuizenga's challenge of three 
miracles has been indeed implied in this long life-time of nuclear active state. 

3. T^brv <Sf Resonance Penetration for Lattice Confined Tons ' ^ 




The life-time of a quantum mechanical state, x, is related to the width of its 
energy level, T, by the uncertainty principle: 



The width of tiie energy level can be expressed by the imaginary part of the wave 
number, k 1 , through the identity: 

' ft 2 , 

T=JmUs—k r k' (2) 

Here 'JmU is the imaginary part of the potential well U, , k r and k* are the real and ima- 

ginary part of the wave number 3 -j^ (£ -•£/)• £ is the total energy 

of the relative motion of the two deuterohs. When the energy E coincides with the 
energy level inside the nuclear well, (k r a) « 0(X) . Here a is the size of the nuclear 
well. However 

|*'a| ~0(Q- 1 ) (3) 
for this resonance. Here 6 is defined as 



* s «p[JJ-n-(c--B)*] (") 

and 6 " 2 is just the famous Gamow barrier penetration factor. Equation (3) has been 
rigorously proved for the square well case, ^ and for the arbitrary potential 
configuration. 191 Here we just explain why the imaginary part of the wave number, k* , 
should be such a small number in order to have a resonance penetration. As we know, 
when k { < 0 , k* determines the damping of the wave function. The wave e'^ will 

be damped by a factor of exp[-jfc'a|] when the wave propagates through a length of a. 

On the other hand the Coulomb barrier suppresses the amplitude of the penetrating wave 
function by a factor of $ " l . In order to use the resonance effect to build-up the wave 
amplitude to its initial value in terms of the constructive interference between the 
reverberating wave and the penetrating wave, we need at least ^-times reverberation 

before the wave is d^ped. Si3^ heed W(9a) \SQ(^) , or 0(9~ l ). 



,, ..Consequently, sustituting *>d*' in eq.(l) and (2), we have the life-time for 
"excess heat" 

ma 2 , " (5) 

Forthe d + d interaction, m*10^ « «10:» cm, 10* we have t*. 10< sec 
^theory just gives the correct order of magnitude of the life-time of the nuclear active 
state. \ 

■ v ^^A^»«™»n&mC*«^ Tnadirig Ratio f . 

^ ^Su^fonglife-timest^ *„!w 

^SSdKid'aetect the single ttey ■ 

^^^^^ 

S- eneigyb^d^r^ b deurmmedbythe sizeoftheprmunvecell as. 

Thus, the energy difference between each neighboring energy, level inside^the band \s 
«2 1CT 19 eV^ence if the whole band is occupied by the deuterons; then, the whole 

to be m resonance penetration of Coulomb 
Ae enerav band is adjusted to a level in resonance with the nuclear energy level, wnen 
^"^we have much less chance to have resonance P*^^£fi£ 
Per due to the difficulty in matching the narrow nuclear energy level with the lattice 

Now the question is: how can we populate the deuterons inte nds enc^ hand ? 
w. nJJ th^ Rose-Einstein condensation. Experiment has shown that hydrogen solved 

FpaU^ 



,24 ^-3 

cm 



(7) 



It is much higher than the 
maximum possible deuteron density 
inside the palladium (^xlO 22 em* 3 ). 
However, the experiment has also 
shown that the hydrogen solved in 
palladium is not a free-moving gas. In 
order to explain the anomalous diffusion 
behavior of the hydrogen in the palla- 
dium, we must assume that there is a 
component of trapped hydrogen ions 
(localized). 1 " 1 If we assume an energy 
spectrum as that in Fig. 1 , 




Energy Band 
Fig.1 Energy Band Structure in. 
Palladium Deuteride lattice 



then the critical density for B6se : Emstein condensation would be ; - - - _ 
ncg = n c exp(-— ) 

Using n^.SxlO 22 cm' 3 (corresponding to critical loading ratio*!), T=300 K, we have 



(8) 



E g = -yfc a 7Tog(— ) * 125 meV 



(9) 



<:/ 



this number is very close to the activation energy for hydrogen in palladium. 

In fact this condensation model gives a good reason for the critical loading ratio 
If the deuteron density is lower than this critical density Heathen, there will be no enough 
population in the low lying energy band, and less chance for resonance penetration. 

5. Nuclear Surface Absorption and 0*- »0* Forbidden Transition 

The low energy beam-target experiments have established a fact that the strong 
interaction will annihilate the penetrating deuteron wave after several reverberations. 
When one assumes the reaction rate 



A = 4r(0)f 



(16) 



low energy experimental data show that A = 15 x l<r ,s cm 3 sec" 1 . OT Considering that 
the volume of the deuteron-deuteron nuclear interaction is the order of 10* 39 cm , we 
know that the life-time of the deuteron-deuteron strong interacting system is the order of 
10* 23 sec, Le. the order of the reverberation time. Then, one may ask *e reason why the 
buflt-up wave function in the resonance case is not annihilated by this strong mteraction ; 



In fact, the strong absorption in the nuclear well is concentrated on the surface, 
region Rested by the nudear optical modd^ mr^ibn -constanr, X, * not a 
constgt inside the nuclear well; hence, the reaction rate, A, should be 

Here, the subscripts, V and S, denote the volume and surface, respectively. Uj) is much 
srnaller than Xs(r) by a factor of 9'\ When there is no resonance, VM«Vm ; then, 
the reaction happens mainly in the surface region of the nuclear well, and the life-time^ 
Z orfer of the reverberation timei When the energy reaches the resonance level, tiie 
l^luhction, %<r)> builds up due to the constructive interference between the 
^*etra^^ feCr^efeCr)!^^^ -Hence, 



7— ^fc(^^ ; m ' 

The life-time of the state is determined by the core part of the wave function, arid is 

greater than the reverberation time by a factor of 9 . . 
ffi§S£S«tf the strong miction ann^^ 

nuclear surface. The deuteron wave function can still be built up *s.de the core of he 
nuclear well where the absorption due to string interaction is ^^S!t£c 
absorption 0-e. deuteron loses its identity) only'happens m th6-reg,on ( where th > nuclear 
Lee (the derivative of the nuclear potential) is large. Inside the nuclear core, although 
Ae nJdL well is deep, the nuclear force is weak there. So the deuteron wave can 
survive inside the core of the nuclear well. ■ 

TSSL to the short range of the nuclear force, the electromagneUc 

interaction is a kind of long range force One may ^^^^^ 
electromagnetic force does not annihilate the long life-tune state T ^ s * 
symmetry of the system. The symmetry of the wave fonction of the d+d syjem is 
Zrdned by the* orbital motion and their spin motion. At the low made* energy 
only the S-wkve (orbital angular momentum 1 = 0 ) is dominant inside the ««* 
nuclear well. So the symmetry for the orbital motion is symmetric about he ; exchange of 
the two deuterons. Then, the spin motion part of the wave function should* . s^nmetnc 
also in order to keep the symmetry of the total wave functton which is necessary ^for a 
boson-boson indistinguishable particle system. The spin for each deuteron i l.jhe 
resultant angular momentum may be 0,1, or 2. Since the state of resultant spm 1 is ana- 
sy^netric about the exchange of the two deuterons, it is not an aUowable state. The 
STspin should be 0 oi -1™ Consequently, the possible total angu ar momen^m 
and parity for the d + d system is 0\ ;; or 2*. If the resonance shakes the 0 ten, ,* 
should be stable against the electromagnetic . intera^ 



it is forbidden to have a 0 + -»0 + electromagnetic transition due to the conservation of the 

angular momentum, 

What we have to figure out is the mechanism through which the excited d+d 
system transfers ^ system in a slow time scale, 

6. Conclusion: thunder without Ligh tning is OK 

Based on above-mentioned discussion, we have seen that the long life-time 
nuclear active state may be created after the resonance penet^tion of Coulomb barrier in 
the d+d system in terms of the lattice confined deuterons. This is a resonance state which 
cannot be observed in a low energy beam-target experiment. This resonance state will 
not emit strong nuclear radiation (neutron, triton, or y radiation); This is just the answer 
to Professor IHuizenga's challenge of three miracles. Only t% ;^emists have a better 
chance to discover this nuclear active state iii terms of calorimeter^ because there is no 
strong nuclear radiation. ."' : 

Although-^ 
source. Even if onl^one thousandth^ 

this state, th£ u «cess power" is of the order of 1 kW per ^ the 
palladium. This is about the same as that in a fuel rod of a fast fi^iofi^breeder reactor. 

In these two meanings, we say that thunder without lightning is OX This 
theory predicts that if we could produce the palladium with greatei^grain size and greater 
activatioa Energy, it should be easier to reproduce the "excess heiat? :^eriment. 
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a=size of the nuclear well, cm 
A=experimental bulk reaction constant, 
cm 3 sec l 

b=classical turning point of Coulomb 

barrier, cm 
d=deuteron 

E=total energy of relative motion, erg. 
ft=Planck constant divided by 2ft, erg-sec 
k, U and jfe^ave number, its imaginary 

and real p^on \ 
fe=BoItzn^^ : 1 

L=grain size in crystal, cm 



m=mass of deuteron, g 

nc=critical density for Bose condensation 
of free-moving particles, cm* 3 

nc g = critical density for Bose conden- 
sation of particles with energy gap in 
spectrum, cm" 3 

r =radial coordiante, cm 

Temperature, K 

U=potential energy, erg 

ImU=imaginary part of the potential 

• • • ' 
T= width of energy level, erg 



r B =width of energy band, erg 

5=size of the primitive cell of a crystal, 

X=reaction constant, .se£^ 

nuclear well, sec 1 -Si.-- 
^reaction constant in sii^ace region of 

the nud 

A^e^pn rate, sec -1 ^ , 



^square root of the reciprocal of 
Gamow factor 

x=iife-time of an energy level, sec 

Txh^life-time of the resonance state re- 
leasing "excess heat" 

Y=wave function, cm" 3/2 
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Abstract 

The studies were conducted with the perovskite-type solid electrolytes based 
on the strontium and barium cerates under hydrogen and deuterium atmosphere. 
Anomalous effects were found manifesting themselves in the overbackground 
neutron bursts, excess heat release, phase composition and crystal lattice 
parameter changes. At 200-750" C the regions of the temperature were 
identified which accompanied by significant heat evolution that was greater in the 
dcuteron conductors than in the proton conductors. 

1. Intodncrion 

It is known /l,2/ that the hydrogen and deuterium absorption and 
transfer induced electrochemically in the solid oxide electrolytes is affended with 
the "excess" heat evolution. In specific cases excess heat power has been ranged up 
to several tens of percent. Meanwhile the poor reproducibility of these 
experiments was observed. As a result there is no escape from the correct 
conclusion concerning the causes of anomalous heat liberation. The calculation of 
the power balance has been pointed to the possibility of the processes associated 
with overstoichiometrical hydrogen and deuterium concentration in the crystal 
lattice resulting in the cold fusion or other anomalous phenomena. 

In order to obtain the valid data about the reasons of the phenomena 
observed we carried om ihevcomp^^ of solid electrolytes involving 

the careful meas^ 

tcmpera^rc :^ons, of the structure and phase 
transformations.:^ J. ^-^y. ..: • . 



In this paper the results of calorimetric and radiometric experiments 
with samples of Sr<Ba)Cc03-typ> proton (deuterium) conductors doped by Dy- 
and Nd*oxides during high temperature non-stationary electrolysis under D 2 or 
^atmdspl^ 

2. Methods '.,,:Z:..~: • 

«^tnp1^ was produced as a jtablct 10 mm of diameter and 1-2 mm in 
tMcknesi >^^ >Pd- or design of electrochemical cell 

used is showed in Fig. 1. As calorimctCT me mctall cylinder was used. Two hole 
was bored through its walls fbjOmng ihe termocouples. The inner plane heater 
was placed under; sample stad^^pr cahT>rating calorimeter and providing the 
temperature gradient through ^^^let Th*$xed temperature was supported 
with the buiefcajbr^^ cell was connected with the 

gas n^^t^^r--^^^^^-^ neutron detector 131. Multiple 
measurements of the' neutron ft^ro^d during 1-2 day period showed that the 
maxmuim b a7&^^ 

and 9 pulmT<^«w^iiieiB^ii^^^^nX-;.: 

Before tii£measj^ mc vacuum pump, 

then it was heated ^ the heat losses being 

compensated. After tluis bpmtion Delias was admitted into cell The heating 
regime provided ^.Befflu^i^^nait of mitial ^ff^ 16 ? 1 ^^ 
Then the calorimeter ^bratidh w^ caraed out at the several fixed power loads 
(50 100 150 and 200 m^tabfl The calibrating curve is 

approximated by equation W=f<at> W and dT are the,heat power of the 
inner heater and the after teh^perature I of the calorimeter. In' all cases the same 
order of the principle steps mthe^ 

I. After achievment of constant temperature over the cell the invariable 
electrical potential was applied to the electrodes for producing the electrolytic 
process. Within a few hours heat^tiasicquilibrium have becn established. 

II. Then the electrolysis was cohtkued with the periodic sign-variable 
/reversible/ electrical potential supplied. 

III. When fixed thermal steady-state condition the sample was sharply 
heated up to the cycling temperature Tcycl, the reverse electrolysis being 

contineed. . , 

IV. Further thermal cycling was conducted by means of the inner ana outer 
heaters in the range of temperature from 200 • C to TcycL For the same sample all 
above experimental stages has been repeated a few times. Troughout the whole 
experiment the calorimeter temperature and that of sample surface was being 
steadely recorded as well as the "time^distribution of the neutron counte rate 
with digitization time of detection of 4 microseconds. By means of crate CAMAC 
all the data is stored in PC meMbry for subsequent processing.The heat power was 
determined with the calibrating^ ^ found for both stationary conditions and 
non-steac^^te ones. ^ dT-t and W-dT dependences are 

presch^o^SiyftOi^^^^SIW'-"' •-• • 7 H -T*K£ 
: ^wi^^mi^^ and Pd- electrodes was examined 

under different / 4/ that the perovslritc-rypc 



oxide electrolytes ^th abo the same chemical composition as the ones stadied 
, by us has ^l^^i^wi^a^i^ to the proton conductors under the influence of H2- 
gas or I^O-vapow^^ the subsequent discussion we shall use 

toe term? "p^^ and "dcuteronconductmg ,f ceramic samples with 

respett to vt^ or D2 gas atmosphere. 

Besides tic additional ihvcstijgatioiis of heat releasing processes during the 
electrolysis under hydrogen and deuterium atmosphere" were carried out using the 
scanning Calvct-microcalorimcter with the constant heating rate in the 
temperature range from 200 to 750°C 

3,Resnfts and Discussion 

^ inraboye consequence. Under 

heating and " ■c^ 

found at tlw r ^5?G;^ and 
heat cycling was conducted with special attention to the temperature changes and 
neutron flashes close to the phase transition point. The runs were broken when 
the cun^ diminished This fact 

was evidence of scal^ 

Anomalous heat effects and oycrbackground neutron bursts were found in 
this experiment They were observed with supplied constant electricai;potential 
about 10V. The heat power released acceded one expended for producing 
electrolytic process by 10-1000% depending on way of electrical current loading. 
Within 18 hours the six events emitting neutrons as the individual bursts out the 
experimental errors were observed. 

Deuteronconducting electrolyte (No.2). 

In this run with unlike sample of deuteronconducting ceramics we were 
deciding the problem to obtain additional information on the heat evolution 
under non-steady-state heating or cooling regime as well as to fix temperature in 
situ. Only distinction from the run No.l was the dynamical dT-t curves was 
recording for every heat power given up to the stationary temperature. Besides, 
inner surface of two-ring neutron detector was controlled thermostatically. 

The results of these examinations were used to calculate excess heat 
liberated during electrolysis. To do this the value of heat power released (W ii br ) 
compared with one expended (W^^. When electrolysing without thermocycling 

Wcxp =W outer heater+Wdectn while when electrolyzing with thermocycling 

^yprp *"*^^Attf ^ ft t^ ^^ ^i^ri ^^^ ymfw>r heater 

Then the relative excess heat effect is 



hours; - A half of thenEwas found fo7 direct ele*r«l£< ST iZ''*°r mg 32 
measured for rcv^c^ectrolisis. dectrokas, while the others were 

Protonconducting electrolyte 

excess heat effect was not found in thc^L o^tT^T^Tf- ^ 
supply while one was fixed uX^erse^ *"« 
feUdow.forashorttimethenatur^ 

Microcdorhniiric investigation 

*_ Pi~on^ *^ To dud*,, 

7te X-fc^ faction stupes. 

oh,™ ^^ ra y t e f an ^tion with deuteron conducting solid electrolytes fixed 

change of Ac phase composition and crystal lattice ft i ^. 

In Particular^ior^^ aftc ^ cl ^fe 

P*a* was S ^ te 
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Edmund ST^^ 
270 Hy^I^Est^ 
Santa Fe,NM 87501 

Abstract . '>■'-■. 

A selection of experimental evident 
evaluated la addition, an eff ort is made to show why be 
cbnader^^ 

phenomenon worthy of potential technologic 

%. Introduction 

Six years have passed since the modem-era pf chemically assisted nuclear 
reactions (aka "cold fusion*') was started by I^i^tah^ Fleis- 
chmann (then at the University of Utah)[l]. Dur^-^ by 
skeptics have been taken seriously, errors h^e a 
wide variety of studies have been done using mckterri equipment in many coun- 
tries.[2] As a result* the early problem of reprcjdu^ 
eliminated, a rich assortment of nuclear pn>du^ts has been found, and theoretical 
explanations are blossoming like flowers after a lbrigi^ 
methods are known to initiate nuclear reactions of various types in a variety of 
chemical environments. The boundaries of a new fidd of science are gradually 
being extended into territory guaranteed to challenge the imagination. 

The problem now is more psychological than scientific. In spite of this new 
and improved information, general skepticism about |he effect continues within the 
scientific community. This attitude has limited the availability of financial support, 
reduced publication options, and required excessive effort to demonstrate the reality 
of the effect In addition, resolution of the many confji^ requires a 

consensus about what is known to be true and correct I will show what I believe is 
known about a few selected aspects of the field. Hopefully, this will lead a discus- 
sion toward agreement about what is actually known rather than what fits a particular 
explanation or what provides justification ^ 

Only work reported before IGCF5 is inc^^ show how 

several of the ongoing studies are maturing towardmm 
tuatty produce an ^ 

though infonnatioa is still inawepii^^^ theo- 



3. Discussion 

Before discussing the first three in^cators listed in Table 1, it is worth 
discussing neutron emission. 

3.1 Neutron Emission . ■ 

Over 300 attempts to measure neutron emission have been published About 
IB have claimed a signal isuffidait to b^ co^ of 
expectations based pivexperience obtained torn hot nisi^; few 
neutrons are generated during cold fusion. A few of these neutrons appear to 



table| 

~ 

(^emic^y Assisted Nuclear Reactions (C^^ 
Lattice Assisted Nuclear Trar&om 
Lattice Induced Nuclear Chemistry (IJNC5/ 
Nuclear Energy in an Atomic Lattice (NEAL) 
Catalyzed Nuclear Reactions (CNR) 
Solid-State Nucfear Reactions ($SNR) 
New Hydrogen Energy'CNHE) / 
Pathological Science (PS) 



have energy near 25 MeV [3; 4; 5; 6; 7; 8; 9], a value consistent with a fusion origin. 
A few others have energies up to about 7 MeV[i0; 11; 12; 13] which require a more 
exotic explanation. Occasionally, bursts of neutrons are seen haying a high average 
rate but containing a relatively small number of particles. These bursts might result 
from rare fractofusion events.[i4] 

Although the complete data set istrdngly suggests the existence of neutron 
producing reactions, the numbers are too small to have any important relationship to 
energy or tritium production. This experience does not preclude novel neutron 
transfer reactions, but it does show that important neutron generating reactions are 
not part of the general "cold fusion" effect "£v 

22 Tritium 

Of those products giving evidence for the existence of significant nuclear re- 
action, tritium stands well above the rest in magnitude and in the number of success- 
ful studies. Tritium is produ^ 

£^ 
" ^pbjtotin^ 



limit tfa method coufabe scaled-up to generate 10 12 atoms/sec, such tritium pro- 
duction would becoffie^ry cost effective without having to deal with the many 
radioactive prc^uc^£s«)dated with present techniques. 



s. v -^muml^ in iliiffeienfcchem environments man 

does heat pfbdncti^ very important in demonstratmg the broad range 

Of possible |iud^^^^aaaa1tiw.'9iAQ and in arriving at a correct explanation 



■ FiuTiir^lii^^ from secondary fusion during tritium gen- 

eration has I cau^d M^^i^ ^ to how the tritium can be produced at energies less 
than the required »i5\ieV ieoded to avoid this reaction. Proposed solutions to this 



TABLE 3 

TMT^bgS TTSF3> TO PRQmZCEJ 



■ - - v\; ; >^^^^|B^>:.^:;^.;^. : u..-^ ,■ ■■- -. — - r . - .- ■„ 

Pd as a caiti^;$ 16; 17; 18; 19; 20} 

Ni as a catfiei^^ 

I^w-voltage (fire in low pressure D 2 .[23] 

Low-voltage; .djscli^^ in bij^h pressure D 2 .[23] 

Rapid gas relea^fi^ 

Gas loading of Ti\^^ temperature 
change.[24; 251 / 

— ^ " . 1 ■ * •* 

problem still do not have universal agreement although plausible theories are now 
being developed. 

- Why should we believe such tritium has been produced by "cold fusion"? 
Only two errors are possible. Ether the presence of tritium is misdiagnosed or it is 
present but results fiom contamination. Five different methods have been used to 
detect tritium, all giving positive evidence in different studies. Most skeptics now 
admit that anomalous tritiuin is present The next question is, Where does the tritium 
come fiom? Two sources are possible; either fiom the environment or fiom tritium 
dissolved in the palladium cathode. Let's examine environmental tritium first 

Although an open cell can absorb tritium-walegr from the surrounding atmo- 
sphere, this option is not available to sealed cells in which tritium has also been 
found. In addition, large amounts of tritium- water are not normally present in the 
environment Even tritium laboratories work very hard to keep the tritium level low. 
However, if it is present, its (entry into the cell would have a constant rale determined 
by the size of the opening in the container and the ambient concentration. The 
mechanism is well understock and it has been 

applie&fo a high-tritium 

tritiuml^ quick- 




flyleaves them^ electroly- 
sis. It does not m to the electrolyte who^ anomalous tritium is found, in this case 

• only after a long delay. This behavior not only demonstrates that anomalous tritium 
does not resdrfrom previously^ 

^ a^ is 

f 2 various metals followed 

S # by a tempetSfti^SI^&^^e hsA^^^m^ has a large effect on this pro- 
cess.^; 29] These considerations will be addressed using an electrolytic study as an 

^example, 'ten . . ^ : '^fSi^--- ; • 

CMend^[l5] atTexas A&M in 
the same room, using the same c»nstm<*iph m One cell produced tritium in 

the electrolyte and the other did not Both pieces of palladium were prepurified 
The early behavior is shown in Fig. 1. cuirart^olt^ increase, the tritium 

production rate ind^s^ to z new, ccmst^^alue* This behavior can hot be 
explained by ai^imrigtte presea^ of ^rayiiroimCTtal tritium or contaminated 

palladium thei^^ ----- - 

" ~~~FOTtfie~^ tritiunf caS^^m the en- 
vironment EnvinmmenM ttiiiim^ the open cell along with the 
observed nonnal-wat^i^take. Measiim^fe of the normal-watCT content of the 
cell allow calculation of the tritium concentration in the air required to produce the 
observed tritium increase in the Wii^ ^hciar of three, 20 \iGfm 3 woul d be 
required in the surrounding air to produce the ^ apparent generation r. \te of 
1 x lO^atoms/s s within the cell This COTcentrafibn triggers the evacuation a: arms 
in the tritium laboratories at LANL. Skeptics would have us believe thattj^is con- 
centration exists at Texas A & M, that it fluctuates in concert with current charges, 
and that it enters only one cell while ignoring the other one. 




TIME, hr 

FIGURE L Change in tritium content of D 2 0 electrolyte caused by change 
in cdl duire^^ early part of 

stady.^^tium disintegrations per 

minute (DPM) . Background is 20 DPM. 



I 

u i>6ssu#i^ 

This was done by sweepini^y #\im out during anodic electrolysis (a process 
known to remove tritium al^g^frafl other hy<lrogenisotojpes^l) and by ana^yz- 
mg m ^Hadu^ The absence of 3 He shows that ^| 

<fium immediatelybeforep^ Only pre-analyzed, hence pre-punfied, I 

pallacfiWwas used for ^ • 

'IfcStriuum foundl^^ 
doamiented studies, can m^mf flamed as contamination, the existence I 
of acompfet^ must be acknowledged. 
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■ ^Ofmehuclearp^ 
rougUyaccouht for the c^s^S^eafctgy. Mp^heUumis found in the gas 

wSerlm^^ 
partieM^^ 

whenisuit^^ , 
appeahtobeamajo^ I 

TwY> ? snidies stand out ml^onsuttg me ^h ; 
into evolved gasisp^ 

Pvrex flasks dining healprpductibn ^ six control 

cells showed no helium. Because-glass wasiused to contain the gas, the results might 
haveresulted fiom diffusion ofhehutomiou^tneglas mesecon- 
cer^, the investigators measured me diffusion rate of helium through glass When 
corrections were made, excess helium regained in me flasks, ^^ smdy was 
launched using metal flasks. These resulte are shown m Figure 2. Although the 
errors are large, the measured helium is close to that expected from thed + d= He + 
23 8 MeV fusion reaction and well above measurements made usmgaH 2 0-oased 
e^o^kTa control study. A study recently reported by Bush et aL[44], done at 
SRI (Stanford Research International), shows the same trend. 

Possible errors include helium that might leak into the system along with air. 
If all of the collected gas were replaced by normal auya helium concentratoon l tf6 
ppm would be expected. Even though suclUptal replacement is nnpossible, a large 
random variation in measured values wouldjie exp^ if a leaked b^ present 
of helium during the control studies and the absence of mese large random 
vS^ns during active measurements sttongfy indicate that the measured helium 
does not result from aleak. .. "... 

. jianyod^^ 

re^deini^^ 
helfom-producijk 



jy '■■V- - , . ■ ' : •., ' 



? * ' '^"^m'ymMi^ti^^'i^ the indium , which is c britrary to experience, 
otefectors such as local heating by me. nuclear reaction or presently unlmown 
: ; - S a^ 0 contribute to a greater than 




FIGURE 2. Helium inoduced as aimiction of excess power. Relationship 
based on d+d=He+23.8MeV shown as line. The helium 
concentration results, from a constant current of 500 ma held for a 
constant time. Ctottecficm was done using a metal system. 



3.4 Excess Energy Eroductite 

More than 120 studies of energy production-have been pubkshed/vith about 
1/3 being successful Table 4 lists the claimed successful methods. These can be 
grouped into four major categories: Gas Reaction, Hectrolytic Reaction, Ion Dis- 
charge, and Bubble Generation. Only a few of many possible citations are listed for 
the first two items listed in the table. McKubre et aL at SRI have made the most 
complete study of the first method. 



METHODS CLAJ 



TABLE 4 

to produce Fxrras energy 



1. Electrolysis of EUO-based electrolyte using a Pd cathode.[46] 

2. Electrolysis of H^O-based electrolyte using a Ni cathode.[47; 48] 

3. Electrolysis of m-LiQ+ D electrolyte using a Pd anode.[49] 

4. Current passed through Sr(CeNbY)Oo in D 2 ^50] 

5. Gas discharge using Pd electrodes in hydrogen.[5i] 

6. Gas discharge usiiig Pd electrbdes in deuterium.[52; 40] 

7. Gas reaction withM u^der special cpnditions^53] 

8* Enhanced reactici^ fields] 
9*En^ 

10/Ga^ld«nM c^fmely-tim^ 



^l^i^ti^n Effect-has been given * e ^^^T ^ 
Prizes the iesults and how often a particular experimental apP^h^s used ,AU 
^^^lihis table claim power production rate^ w^above tie sta^enor 
ca»s mciu^ m calorimeter. Use of closed, sealed cells or testing tor 

ies werec^nr^ uai.B . A ffectively tests the calorimeter using a known 
rimeter does not have an unexpected bias. 



TABLE 5 



Measured Excess Values Shown 
Power Range: 0.015 to 130 Watt 
Energy Range: 0.06 to 200 MJ 

Number of cells of the following type: 
Closed and sealed: 12 
Checked for reconibiriation: 7 
Used blank 20 
Stirred or not needed: 13 
Dual calibration: 6 



Several important variables required to initiate the Pons-Hdschmann Effect 
haV ebT^£^^ 

Sas^e^S^Sed current causes a larger average deutenum ccnc^auon 
S me ^Sbe^Ae unavoidable loss from cracks is overcome to a greater 
m the Paliamum oe»u^ grater heat production rate be- 

.«*ivi» dt«L Studies using thin ("5 |im) palladium hydnde films on suvertscj snow a 
combined wim the observed dynamic loading f^^ 1 ^.™"^^,^ 

surfece. 




It is important^ 

measured average caiapofa^^^ byervoltage is created by the resulting 

surface composition required to maintain the average. 
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FIGURE 3. Comparison between excess power production and applied current 

* 

In addition to a high D/Pd ratio, other, less well-defined conditions must be 
met [57] Creation of these conditions generally requires many hours after a suitable 
composition has been achieved One of these conditions seems to be the introduc- 
tion of sufficient energy, from various sources, into the lattice.[58] The situation sug- 
gests the need to initiate an endothennic phase change in order to achieve the NAS. 
Regardless of the explanation, difficulty in creating this special environment has 
caused acceptance to be limited and has slowed technological and theoretical 
progress. Therefore, the mechanism for creating the NAS as well as the resulting 
cryst^stractureneedtobeb 

Several other, less wdl understood methods should be acknowledged Bub- 
bles that collapse next to a metal surface are possibly a common factor involved in 
several energy generation methods. Stringham and George[35] use an ultrasonic 
generator (20 kHz) to produce bubbles in D 2 0 that, when collapsed against palladi- 
um or titanium, generate significant heat and helium. Griggs[54] generates bubbles 
in H 2 0 using a special aluminum ro 100 hp motor. Altho^ large 

-junou^ 
• 'yettie^id^^ 

;Arata 



ed palladium (palladiumrblack) to pressurized deuterium gas generated by electroly- 
sis: This technique has ffil^pofeotial to b^ vi^ useful and needs further study. 

A few (at least 9) Indies have c by electrolyzing H 2 0 

#m1ta^ high-surface-area nickel 

catiofej&i 471 Evidence1®itr^^ a proton addition to 

the nucleus of the! These claims indicate 

mat mecouto^ claimed by conventional theones. 



[i] 

12] 
[3] 

[41 



4. Conclusions :. . ^ . 

: The number of methods claimed to generate energy and nuclear products is 
growing along wim me i^gmtude of effects. While some of the claims are hard to 
believejOT^ of all claims clearly 

shews the occurreh potentiaL 

'te-Im&o^^ are handicapped by the 

Tdif^cnltykc^ : 



normatfcfl© ^^^^^^^0^m^^Sy for to formation. Fur- 
thenhorei the NAC is iocaSSySn a very narrow layer near the electrolyzing sur- 
face when it is fimnedbyetectrol^ 

rent and energy from vari&isisbiro over-voltage being deter- 

mined by the resulting colfplpu^ of tifc environment must be better 

understood before an e^ianation cm be accepted or ^ reproducibility can be 

achieved. ' 1 J 

The large variety of observed nuclear reactions involving high-Z elements 
strongly suggests the presence of a very efficient process for overcoming thecou- 
lomb barrier. Therefore, theoreticians need to concentrate on the general process 
rather to trying to explain only the fusion reaction in palladium. Absence of sig- 
nificant high-energy radiation, both X-ray and v-ray, strongly suggests a novel pro- 
cess for coupling energy to the lattice. 
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The Fr^h Atomic Energy Cbmmfcsion, in association with the ENSEEG (Ecole Nationale 
Supraei^ d^lectrochimie et dEtec^metallurgie de Grenoble) started in 1993 a program of 
verification of the results of "cold fusion" published in 1993 by Fleischmann and Pons ('). 
Experiments have been performed in c^orimeters identical to the ones used by Fleischmann 

andPoi^X 1 )* 

We point ■ tet tiiat these t)^$;icfe can be analysed in three temperature 

domains: ■ " -.. '^V'" 

- Atto^ ^ heat radiated 
to the ^^bath^ axici the enthalpy in^ ^ to electrolysis. 

- At intermediate temperatures, between 70°C and ?9°C, excess enthalpy.is the difference 
between^ towards ±0Ayater bath plus the enthalpy contents of the gas stream, 
plus the variation of enthalpy of the contents of the calorimeter (because of the fast 
temperature variation observed) and the introduced electrical enthalpy. 

- In the boilnig regime (without condensation), excels enthalpy is calculated from the 
difference between the total amount of Water contained in the calorimeter evaporated-and the 
theoretic^ quantity of water that should be evaporated by the energy introduced in^e 
calorimeter (i.e. the enthalpy input due to electrolysis minus radiated enthalpy at boiling 
temperature). 

Six calibration runs with platinum cathodes and 17 runs with different palladium type 
cathodes have been performed. 

At low temperature, 8 experiments have produced an excess energy, rate between 1 and 5 %. 

In the intermediate regime, the water vapor carried away by the gases of the electrolysis are 
large, and cannot be evaluated precisely. This makes the analysis difficult, and has not been 
carried out fully yet We discuss this point in detaiL 

At boiling, three positive experiments have been successful, giving excess enthalpies rates of 
SO % to 150%. 

We present the results obtained with different types of cathode materials : pure, annealed 
and cold worked palladium and alloys (Pd-Rli and Pd-Ce), 

In conclusion, we confirm the results published by Fleischmann and Pons (*), more 
particularly in the boiling regime. 



(l)M. Fleischmann and S. Pons, ?hys, Lett A 176, 1 18(1993) 
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T.Mizuno, T Ohmori, T.Akfihbto, BCKurokawa.M.Kitaichi, Klnoda, K.Azumi, S.Simokawa and 
M: Enyb*, Hokkaido University, 5 National College of Technology, Japan 



It was confirmed by several: analytic methods that reaction products with mass number 
ranging from 2 to 82 are produced m palladium camode&subjected to electrolysis in a heavy water 
solution at high pressure, high temperature, and high current density for one month. Isotopic 



dstributioris^e^ 

of these elements shows they do not come from contamination. For example, natural copper is 
70% Cu-63, and 30% Cu-65. But the copper found in the; cathode, was 100% Cu-63, with no 
detectable levels of Cu-65. Natural isotopic distribution varies by less than 0.001% for copper. 

Electrolysis experiments were performed at a current density of 0.2 A/cm 2 or total current 
of j.6Ato33cm 2 surface area for 2.76 x 10* s (32 days). The sample^electrodes were analyzed 
for element detection by energy dispersive X-ray spectroscopy (EDX), Auger electron 
spectroscopy (AES), secondary ion mass spectroscopy (SIMS) and electron probe microanalyzer 
(EPMA). Thus, the presence of Ca, Ti, Cr, Mn, Fe, Co, Cu, Zn, Cd, Sn, Pt and Pb was confirmed, 
AES and SIMS measurements were also made after bombardment by O2" ions, thus removing 
surface layers, but the element concentrations at I micro m below the electrode surface were 
almost the same as at the surface. The SIMS analysis showed other elements; As, Ga, Sb, Te, I, 
Hf; Re, It, Br and Xe. These elements, except Xe, are difficult to detect by AES and EDX because 
the peaks are very close to each other, or lower than the limits of detection. Xe is naturally 
difficult to detectbyEDXbec^eitis inthegas state/The SIMS count numbers ranged from 10 3 
to 10 6 where the background counts were as low as -10. The intensity of Xe was 10 times larger 
than Pd; it may be that the gas was released by bombarding with Ch\ ions which caused a 
temperature rise, at the sample. Large differences in isotopic distributions compared with the 
natural distributions were observed by the SIMS method for Cu, Zn, Br r Xe, Pd, Cd, Hf, Re, Pt, 
it- Ir.and Hg^s^^ fora ^w;.^^;. ^^vg 

cas^; : : " r '"/'3^ 
• ones, as <^mp^^^ 

vd^^hc^ >$M 
>,u^^ taking : , <J^£0$£S 
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Productions and the anomaloujsV v 

F^ui^^ during ■'tine 

"light;: ^ electrode 

T. OhmoriV T.. Mizuno b arid M. Enyo c 

a Catalysis Research Center, Hokkaido University, Kita-ku Sap 
poro 060 Japan. 

b Faculty of Engineering, Hokkaido University, Kita-ku. Sapporo 
060 Japan. 

c Hakodate National College of technology, Tokura-cho Hakodate . 
042 Japan. 

....... Porous black ^deposits _pf 0.3 . - .1 mg were obtained during . _ the 

cathbdic 7 elecl^f^ysis on Au electrode in 0. 5 M Na 2 S0 4 or' Na"C0, 
light water solutions at a current density of 200 - 300 mA/cnr 
for 7 days. It was found by SIMS analysis that the deposits are 
composed of Hg, Au, Pt, Os, Hf, Zn, Fe, etc. and the atomic 
abundances of these elements other than Au are evidently differ- 
ent from those of natural values. The production of these ele- 
ments with intrinsically different isotqpic abundances suggests 
the occurrence of some nuclear reactions during the electrolysis . 

SEM images of the Au electrode surface after the electrolysis 
showed formation of a number of micro craters with various sizes. 
The size of the largest one reaches ca. 30 mn diam. and 30 pirn 
height. They look like volcanoes. The outside walls were made 
of very porous substances and the inside walls very fine porous 
substance arid fine hexagonal crystals (200 - 400 nm). The struc- 
ture of the porous substance is very much alike to that of the 
deposits mentioned above. Therefore, it would be natural to 
consider that the deposits are spewed out from these craters 
which are created by a micro-explosion occurred locally on Au 
surface, perhaps due to some nuclear reactions. The hexagonal 
crystals are considered to be Au(lll) formed by recrystalliza- 
tion, the presence of which suggests that high temperature was 
evolved when these craters were created. From the SEM images it 
is seen that the craters were formed along the scraped lines on 
the Au electrode. It is then likely that the lattice defects 
play an important role to cause this reaction. 

From the elements detected here, we can consider the following 
reaction scheme. Firstly, Hg is produced by 
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Abstract; 

We show evidence that solid state electrolytes can be used successfully in "cold 
fusion" experiments. We describe in this work that LaA103 single crystals loaded with 
deuterium yprdduce excess heat up to 1 0 times the amount of electrical power applied. 
No significant ax-iount of neutron; has been detected. 

1. Introductio n / y 

: Since the public announcement of the discovery of "cold fusion" in 1989 by 
Fleischmann et al. (*X most °f the experimental research work* has been done in liquid 
electrolytes. However, as soon as 1989, Forrat (2) patented a solid state electrolytic 
device, with the reaction in the electrolyte. He proposes a process catalyzed by nascent 
muonic like atoms in polyvalent vacancies compensated by H* orD + ions in refractory 
oxides. Mizuno et al. (3) have shown that large quantities of excess heat could be 
generated in perovskite ceramics in deuterium atmosphere when a slowly varying 
current is passed through the sample. 

It is the purpose of this work to repeat this early work, and to determine the 
characteristics of the reaction in a better controlled environment. 

2. Theoretical point of view 

Oxides with the perovskite structure are excellent proton conductors, when 
metal atoms are replaced by protons C*>5). They are therefore a good choice for "cold 
fusion" experiments. In this work we have used LaA103 single crystals. Figure la 
shows the unit cell of the stoichiometric latntharium aluminum oxide. The structure is 
composed of a lanthanum atom at eachcoraei^f the cubic unit cell, an aluminum atom 
at ^ Ari dtema^e^^cripfioh is 

shown in figure lb, .with M aJumiriira atCOTv^ieacdi: corner, a lanthanum atom at the 
center, and oxygen atoms in the middle of ^ch side: 



If a lanthanum vacancy is created (V center or p type semiconductor) the unit 
o*« shovm .nfigure^c. Since lanthanum is trivaient, Sir! protons (or deu^ns) ™ 
replace one lanmanum ton as sho,yn in,figure Id;; When amative voltage is aSieT 
more protons (deuterpns) are 'ma&maxW^iffiL* 
r„ n k F ) guI 5 ? 6 Shov « *e structure of the cell with interstitial deuterium Five protons 

Intrinsic lanthanum aluminum is transparent. When lanthanum vacancies are 
present, it becomes red (the maximum vacancy concentration bebg 5%) When 
vacancies are filled with deuterium, the crystal becomes transparent again (4,5) 




(a) 



(b) 



(c) 
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% Aluminum 
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Figure 1 

The LaA10 3 perovskite type unit cell. a ) The intrinsic unit cell with Lanthanum 
atoms at the corners and Aluminum at center, b) Same cell with Aluminum at 
corners and Lanthanum at center, c) Cell with Lanthanum missing creating a V 

vacancies, e) Cell with Lanthanum replaced bz*ffi^Bk^Fc&&L-: 





When the crystal is heated in an hydrogen (deuterium) atmosphere, protons 
^ ^ ^fe^f?? 5 ) ^ ff H se in the crystal. 'If a voltage is applied on two faces of the crystal, 
jp^rttohs ^ (deuterbns) diffuse towards the cathode. Three zones develop, as shown in 
Wt^S^S^ J^'^^. ^ de has excess-interstitial deuterium, so that it becomes blue, (F 
' : ^^?^?» as^ described in figure le. The middle section is white, because it is 
^itWometric, the lanthanum vacancies have been filled by three hydrogen (deuterium) 
atoms as in figure Id. the anode side is red because it has lanthanum vacancies as in 
figure lc (V centers). 

Numerous such crystals can be used as proton conductors, however rare earth 
aluminates are very well suited because aluminum and lanthanum are both solely 
trivalent AlLa03 proton conductivity has been extensively studied for fuel, cell 
applications (4). 

Red White Blue 



ptype* 

semiconduetoi 




ntype 
semiconductor 



intrinsic type 

semiconductor ' 
Figure! 

When a voltage is applied through the sample at high temperature in an hydrogen 
(deuterium) atmosphere, the anode becomes red, because of depletion in proton 
(deuteron) contents, the cathode becomes blue due to proton (deuteron) 
enrichment, and the middle returns white because the vacancies are neutralized 
by the protons (deuterons). 

The structure of the intrinsic aluminum lanthanate is: 



Al*La 3+ 0 6 3 - 
and the crystal appears white. 

A crystal with 5% vacancies will be red and will have the following structure: 

When the : crystal; ^is;heated in a;deuterium or hydrogen atmosphere, ions diffuse- 
in the sample; and vacancies are 'occ^i&f by'ihe deuterium ions, and consequently ISie 
crystal recovers its intrinsic white color. The stmcture of the crystal is now: 



: : After applicatw^ appears at the cathode with the 

composition: 



Therefore, when a voltage is applied through the sample at high temperature in 
an hydrogen (deuterium) atmosphere, red, because of depletion in 

proton (deuteron) contents^thie cathode becomes blue due to proton (deuteron) 
enrichment and the middie^ are neutralized by the 

protons (deuterons) as shown inSggure 2. 
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Figure 3 

Schematic of the experimental setup. The samples are sandwiched between .two^| 
palladium foils. They are heated by . a cylindrical furnace. Two thennocpupi^^ 
measure temperatures iiear;thj e ; jsam piev glass window allows yiewinjs^p 
sample,; aikKa^gal^ is-;3'%m^g 
diameter -tod^Qff.ii^ . ' ' ' / • '' ■■'-:'■)[■; 





3, Experimental set up 

The samples we have used are LaA103 single crystals with unknown amounts of 
vacancies, but probably less Am with rare earth metals. 

They have been prepared They are cut with a 

diamond siaw: 4 cm 2 in are£ experiments have been conducted 

with a thin film of gold sputt^d In one occurrence, when the crystal has 

been heated at high temperSe Jsb^^ layer dissolved in the crystal, so 

later bare c^stals were used ^cc 

Figure 3 shows a sbhei^fc of ft e -experimental set-up. The system is a 30Q mm 
stainless steel tube 35 mm in/ diameter, position horizontally The crystals are 
sandwiched with 100 Jim thick palladium foils. Two chromel-alumel thermocouples 
measure the ambient temperature near the sample. A window at the other end of the tube 
allows viewing the sample. A gauge is used for crude; measurement of the pressure in the 

chamber. ■ >'^SyV^/^-^'>^ ■ * 

- "~ ~ "The^am^ feedthroughs do 

not warm up> ^ two identical 

wafers cut from the same ciys^'^ as anodes are then 

placed symmetrically on the other fe^ of the crystals. These two anodes are hold 
together by a molybdenum clamp- The symmetric design has the advantage of 
eliminating the^ problem of of the electrodes without 

producing a sh< : rt circuit. . ' •' ^ 

Tempeiature is measured two way s> on ore hand, two chromel-alumel 
thermocouples are positioned in the ambient deuterium gas surrounding;the crystal. And 
on the other hand temperature is deduced from measuring the resistivity of the tungsten 
wire used in the furnace heater. This resistance has been first calibrated against the two 
thermocouples, and shown to behave linearly with temperature in the whole temperature 
range. The advantage of using this second type of temperature measurement is that it is 
an average temperature and not a local measurement as with therm ocoupl es. 

All measurements are made with a PC based data acquisition system. The 
heating power of the furnace is maintained constant by regulating the applied voltage. 

A helium-3 neutron detector is positioned 30 cm from the sample, and its 
measurements are recorded at all times. An internal source inside the detector produces a 
signal at a frequency of 0.534. Therefore any neutron emission from the sample should 
add to this signal. 

4. Experimental procedure 

The crystals are first heated in air to remove any hydrogen present. After that 
crystals are red indicating the presence of lanthanum vacancies. It is then heated in 
deuterium for several hours at about 800 °C. At this point crystals turn white. 

Crystals are placed in pairs in order to simplify the attachment as described in the 
above sections The stainfe^ mechanical pump down 

to a pressure o^I^ 

pressure. Ppwei^ current through the 

crystals. After a ^ few hpurs, ; ;y/fe is reached, and remains stable, 



a voltage is applied through the c^steh This is done with four 120 Volts power supplies 
mounted |n iOTi^./Io avoid '^^^r;siiige in the crystal when the current is applied, 
we use theo^^limitatioh n^6^fy ]r'.-r:'y 

Blarilj^^ siriiilar way, but with a virgin 

crystal, wiAout/My dert compare directly data obtained with 

samples loaded with deuterium; and ^blanks experiments. 

5. Experimental results # W 

A bl|liJc^)eriment is sho\^|igfijgure 4. Sample temperature is deduced from 
the measurem^^pf the resistance furnace. The furnace power is 150 Watts, 
producing: >samjple temperature ^^S^^G. The electrochemical power is 250 mW 
(250 V, 1 Mj^TKe temperature ris^^|K. 
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Figure 4 

Blank experiment. Top curve: temperature, bottom curve: neutron counter. 
Time: full scale 120 minutes. Temperature: full range 5 K. 



Figure 5 shows similar curves, but the crystals are doped with an unknown 
amount of praseodymium, and loaded with deuterium. The furnace power is 150 Watts, 
and the electrochemical power is 50:mW (250 V, 0.2 mA). The temperature rise is 1 K, 
and corresponds to 500 mW. The excess energy gain, is therefore 10. 
... The lower curves in fig^s;4, and ^ ^j^^ the neutron counts, and shovrnd 7 . j • 
\ sign of inci^ec 
measuredv^e ; canhb^ 

^experimentation has shown th^th^ to noise. ';:' \ )i]iM^t : . 




p/H'S^VV - • Figure 5 . 
decreases with a time constant in the 5 to lOminuSge ^ ^ V ° ltage 

deuten^ J* S ° ifwe «■"« that all the 

molecule. This is no STE^^,™ ^ ^ of 10 eV P e ' 
plenty of deuterium ^ ex P enmen * » stopped, there is still 



the<xderMi$+& 300 to 400 °C! The main difference is probably the structure of the 
S^ittl^^ crystal- / whereas NBzuno et al. have used a ceramic that 

has a ^ pply^^talline stocture wim gram boundanes. 



7. Conclusion . 

excess heat is observed when a current is passed through a 
lahAanun^feimimf r oxide crystal witii lanthanum vacancies in a deuterium: 
atimwp^|;'5|tw ^ :^6uht of excess.heat has been determined to be up to 10 times the 
electriclpc^ 

: ^ ^|^«a uje-ljpWleveL iieu^ emission, but at this point noise can still be 
the cati^^Se? snail (signa|^rease ^served. - 

candidates for future applications because 
fhey o p^a^^mubh\ highel^perature than liquid elecirolytes. This should make it 
^fohijii^ closed cell configuration, aridfthe ^ 

v^^^^^^^^l^P&te'rrW^pTessure, it would be possible to measure 

Acknqyyt^ypieh^ . . „. c .: 
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i ' fr i: A number (22) of pure palladium saxnples and paUadium alloys have been loaded with a 
deuterium or hydrogen plasma in a system that alio ws the instantaneous measurement of tritium. 
By carefully controlling the high pressure plasma conditions, the plasma can be constrained to 
only contact palladium surfaces and to only lighdy sputter the palladium. Long run times (up to 
200 h) result in m integration of the tritium and tf^ of 
the system( - O.lnCi/1), enables the significance of the tritium measurement to be many sigma ( 
>10 ). In addition to the real time tritium measurement, the deuterium gas can^^ combined with 
o^e^ atj^ a scintillation^ 

!winteir. -The re^te'of th samples 
agree quantitatively with the decrease in tritium as measured by the ion sensor. However, 
surprising concentrations (up to 1.5 x 10* dpn^^ samples that 

had been exposed to a hydride inhibitor.^ of hydrogen 

additions on the output of tritium in these types of experiments and find that hydrogen additions 
always suppress tritium production. We will show the difference in tritium generation rates 
between bate! es of annealed palladium, as received palladium^trid the palladium alloys (Rh, Co, 
Cu, Ni, Be, B, li, H£ Hg and Fe) of various concentrations to illustrate that tritium generation 
rate can vary greatly from alloy to alloy as well as within a specific alloy, dependent on 
concentration. Other metals (Pt, H£ Ni, Nb, Ta, V, W, Zr) have also been run in the system as 
background samples or to determine if tritium could be detected in the gas analysis system. In 
nearly all cases they have produced results very close to background drift rates. 



PdRh^COg alloy result summary 
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Two pieces of palladium sheet similar to that used by 
Takahashi wereioaded l with deuterium in aPons-Fleischmann- 
type electrolytic cell, and heat production was measured. One 
sheet produced a steady increase in excess power that reached 
7.5 W (20% of input power) before the study was inter- 
rupted. A second similar sheet from a different batch of pal- 
ladium did not produce any measurable excess power. There 
were differences in the loading behavior, the maximum stoi- 
chiometry, and the presence of excess volume in thedeuter- 
ide made from these materials. The first sheet contained 
0.8% excess volume after having been deloadedfrom its max- 
imum deuterium/palladium (D/Pd) ratio of 0.82 to 0.73, and 
the second sheet contained 13.5% excess volume while at its 
maximum ratio ofO. 75. The high excess volume in the latter 
case is an indication of internal escape paths that reduce the 
required high D/Pd ratio. 



i. ilTROOUCTIOl 

A computer-controlled, sealed, isoperibol-type calorim- 
eter has been constructed to study the Pons-Heischmann ef- 
fect. This device will be used to study a variety of cathode 
materials, but its first use was the study of palladium sheets 
supplied by Tanaka Kikinzoku Kogyo K. K. to A. Takahashi 
of Osaka University. Single samples of palladium sheet from 
two different batches were studied.* 

Takahashi reported 1 the production of excess power that 
exceeded 100 W/cm 3 (average of 1.7 x input power) from a 
Pons-Fleischmann-type electrolytic cell using this material. 
In addition to this extraordinary energy production, low-level 
neutron emission was measured that was roughly propor- 
tional to the magnitude of heat production when the ceil cur- 
rent was changed, and it decreased with time. 

In addition to using this unique palladium, Takahashi has 
suggested two procedures for success. The arrangement be- 
tween the cathode and anode should produce uniform load- 
ing of the palladium sheet with deuterium, and the cathode 
should be subjected to periodic changes in cell current. He re- 



■The palladium sheets were transferred through R. George and 
E.Mallove. - 



ports that excess energy increased with time when these pro- 
cedures were used. 

. In addition to this recent success, excess heat production 
has also been reported in a significant number of studies 2-28 
using a variety of procedures and calorimeter designs; these 
studies found, in most cases, toany positive results. Palladium 
rods were studied in most of this work, in contrast to the 
plate-shaped cathode used he e. 

Because relatively large amounts of excess heat are ex- 
pected, a calorimeter design having A relatively low sensitiv- 
ity but a high upper power limit was chosen. In addition, a 
design having simplicity of operation and calibration was 
used in order to reduce the various objections raised by crit- 
ics of the cold fusion effect. Active stirring and temperature 
readings at two levels within the cell were used to eliminate 
the effect of possible temperature gradients. Four different 
calibration procedures were used, and these were applied be- 
fore, during, and after the production of excess energy. The 
primary calibration used electrolytic heating of the LiOD elec- 
trolyte with a platinum cathode and anode. Except for chem- 
ical heat that might be associated with palladium, this method 
had the same bubble pattern, heat distribution, and chemi- 
cal effects within the electrolyte as would be found in the cold 
fusion cell. In addition, this method produced a calibration 
constant similar to that determined when "dead" palladium 
was used as the cathode. Consequently, most of the objec- 
tions raised to discount excess heat production are eliminated 
because they are canceled out by the calibration procedure. 
Because the calorimeter contained a recombiner, it could be 
completely sealed and pressurized with deuterium gas, and 
the internal pressure could be monitored. In this way, no ma- 
terial entered or left the cell under normal conditions. Signif- 
icant excess heat was observed using these methods. 

This technical note concentrates on the verification of ex- 
cess heat and the measurement of various physical and chem- 
ical factors that are thought to be associated with excess 
energy production. No data or theories are presented about 
the possible source of heat or associated nuclear products 
other than to note that no tritium was produced. 

II. EXPERIMENTAL 

ILA. Palladium Characterization 

The palladium sheets were weighed (±0.0001 g), th^di-:. 
mensions were measiired (±0:002 cm), and the sht^were v 
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TABLE I 

Result of Physical Measurements Made Before the Study 





Weight 


Area 


Volume 


Density 






<g) 


(cm 2 ) 


(cm 3 ) 


(g/cm 3 ) 


Surface . 


Palladium sheet 1 


3.9186 


6.643. 


0.3358 


11.670 


Smooth 


Palladium sheet 2 


3.8915 


6.575 


0.3273 


11.889 


Fine parallel lines 



■""3*'- 



washed with acetone. When the metal had to be removed 
from the electrolytic cell for extended periods, it was placed 
in liquid nitrogen. Table I lists the physical measurements 
made before the calorimeter study. 

ILBL Calorimeter Description 

Figure 1 shows a cross section of the closed Pyrex glass 
calorimeter. A Teflon plug is held into a standard taper by a 



spring that allows pressure release should the internal pres- 
sure rise above 1 .5 atm. Holes through this plug give access 
for various probes. The calorimeter is attached to a sealed 
gas-handling system that maintains an overpressure of D2 
and allows the pressure to be monitored. An additional sheet 
of platinum (counterdectrode) within the dectnriyfc 
the means to calibrate the cell without disturbing the palk-„ 
dium and to conduct heat generated at the recombiner mta 
the electrolyte. Later in the study, this feature was eliminated 



.0$ 
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Thermocouples 



Immersion Heater 
Fig. 2. Electrical connections to the data acquisition system. 



without producing a change in the calibration constant. The 
recombiner is carbon cloth impregnated with Teflon and plat- 
inum^ A Teflon-covered magnet is used for active stirring. 

Figure 2 shows the electrical connections to the data-ac- 
quisition system, and Fig. 3 shows the position of the vari- 
ous access probes into the calorimeter. Two thermocouples 
monitor the top and bottom of the electrolyte, a glass-encased 
Joule heater is used for calibration, and a capillary, placed 
within 0.5 mm of the cathode surface, monitors the voltage 




Fig. 3. Top view of probe positions. The reference electrode is an 
electrolyte bridge from the cathode to an exterior platinum 
electrode. The counter electrode is a piece of platinum im- 
mersed in the electrolyte. 



between the cathode and an external platinum electrode (ref- 
erence electrode). 

II.B.1. Anode-Cathode Relationship ^ 

Uniform charging of the palladium with deuterium is 
generally agreed to be an essential feature for successful ex- 
cess heat production. Because a plate is studied, a coplanar 
arrangement is used. A cross section of the anode-cathode 
assembly is shown in Fig. 4. The anode is platinum gauze hav- 
ing seventeen 0.006-in. wires per centimetre that are wrapped 
around Teflon posts. These posts center the cathode in the as- 
sembly with 9-mm spacing between the anode and the cath- 
ode. A heavy platinum wire makes electrical contact along 
one edge of the anode to transmit uniform charging current 
to the anode. 

ILB.2. Electrolyte 

The electrolyte used in these studies is double-distilled 
D2O containing 99.76 molVo D 2 0 and 0.3 M UOD (natural 
lithium). The liquid is stored in a plastic bottle. Because of 
chemical interactions of lithium with oxygen in the electro- 
lyte and with carbon in the recombiner, the concentration of 
lithium in the cell solution slowly decreases as Li 2 C0 3 is 
formed on the recombiner. In addition, the solution gradu- 
ally becomes saturated with C0 2 - 

ILB.3. Temperature Measurement 

Temperature is measured by thermocouples at two levefe 
within the inner region and at the inlet and outlet of the sur- 
rounding water jacket. The temperature difference across the 
cell wall is used to measure heat production. This difference 
is calculated by subtracting the average of the inlet and out- 
let jacket temperatures from the average of the inner top and 
inner bottom temperature readings. • 

AH thermocouples (type T) are compared with a calibrated 
mercury thermometer traceable to the Nationd ^timte^of. 
Standards and Technology and corrected to-wftI^^0;l*.G.| 
However, the absolute error in an individual |e^r^ritufe 
is at least ±1°C because of uncertainty \m^^in^e^axf^ 
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Platinum Wire Mesh 
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Teflon 



Fig. 4. View of the cathode-anode assembly. 



compensating circuit. It is important to note that this uncer- 
tainty is removed when A 7* is determined. The standard de- 
viation from the mean of individual AT measurements at 
constant power is ±0:02°C when zeroj>owerisjapplied to the 
cell and ±0.07°C when 0.42 A/cm 2 (2.8 A) is applied. 

Room temperature and, later, the temperature of an ex- 
ternal recombiner catalyst located in the gas handling system 
are also monitored. Heat generation at this location is an in- 
dication that the internal catalyst has failed to recombine all 
of the generated oxygen. This catalyst also prevents the un- 
intentional buildup of an explosive mixture of 0 2 and D 2 . 

ILBA. Calibration 

Calibration is done by four methods: 

1. Current is passed through an internal, glass-covered 
immersion heater to give simple Joule heat . 

2. A platinum sheet is substituted for the palladium cath- 
ode, and electrolytic heat is created using the normal anode- 
cathode configuration. 

3. Electrolytic current is passed between the normal plat- 
inum anode and a platinum sheet that holds the recombiner. 

4. The current is cycled between two values over an ex- 
tended period of time using either a platinum cathode or an 
inactive palladium cathode. This technique is called "bivaiue" 
in subsequent discussion. 

Several of these methods contribute heat to different po- 
sitions within the cell, thus testing the effect of potential tem- 
perature gradients. The time stability of the calibration is 
tested by the bivaiue mode. A comparison between electro- 
lytic and Joule heat tests the effect of heat being produced at 
the recombiner in the former case. It is important to note that 
method 2 has the same heat distribution, bubble pattern, and 
recombiner heat when palladium is studied. This method is 
used to calibrate the ceil before and after each cell modifica- 
tion. Method 1 is used to detect changes in the calibration 
constant while palladium is being electrolyzed but is not used 
to provide an absolute calibration because of a small heat loss 



through the wires. A small charging current is applied to the 
palladium electrode during this calibration to prevent Ism v||S^ 
of deuterium. This additional power is taken into ^mHmfc^P^^ 
Method 4 tests the effects of the recommended bivaiue mtide^ 
of charging on the calibration constant. Platinum is us^i aS §P 
the cathode, or when excess heat is not being produ^fpa^lS 
ladium is used. However, this calibration method is less acv -1^ 
curate when palladium is used because fewer points must be ' 
taken in order not to alter the charging conditions too much. 

Caffln^on usiiig methods 1, 2, and 3 fc 
automatically sequencing the current through ^cf^f^^^&. 
sisting of current steps up to a mammum then dositii&z^0%£$ 
The cell is allowed to equilibrate for 12 min, the n^intt^^%^ 
to reach >99% of the final value, after c3ch'cm&txM^!$^ 
before measurements of temperature, current, and voIta^ c trep:ftg^ 
made and recorded. A total of 72 values are nonnally tik 
to define a linear least-squares equation. These datai sfaowm> 
curvature within the measurement range up "to 3(lM^^ip^' 
slope of the line through the data is the calibration ^ btSwjfia^^"" " 
that, when multiplied by the measured: Ar across t he ccfl wa l 




gives the number of warts of power P r b^ 
within the electrolyte. The constant term in the least-so^iar«Sf 
equation is caused by arsmall temperature offset daeXaJitffi&Mi^ 
differences in the various thermocouples. Excess pb^^SS^ 
determined by subtracting the applied power, obtained I^lf l^t 
multiplying the cell current by the applied voltage, from thev j 
measured total power P T . .s^Mli'k^" 
Voltage is measured at the point where the cujrent^ : \tf ^ 
ters the active regiorrof the calorimeter. The voltage circuits 
- of theLab Viewdata acquisition system (National Instruments v?^. 
SCXI and NB-MIO-16H systefm for the lyfadntosh Hd) " " 
are calibrated to an accuracy of ±0.001 : V, and the resistor : 
used for current measurement is calibrated to an accuracy 
of ±0.1%. Two HP-6038A power supplies under computer 
control supply regulated current to the ceil and the immersion 
heater. 

Figure 5 compares calibrations made with the normal 
electrolytic configuration using a platinum cathode and with 
the immersion heater. Table II lists the values for the calibra- 
tion equations and the standard deviation of the applied 
power (in watts) from the respective equation. The applied 
power is the product of the current times the voltage, and the 
standard deviation is obtained from the difference between 
the calculated watts using the calibration equation and the 
applied watts at each point. Although the average standard 
deviation is about ±0.4 W, there are variations between cal- 
ibration runs that make the power uncertain by about ±1 W 
at 40 W of applied power and ±0.3 W near zero applied 
power. This results in an absolute uncertainty in the measured 
power of -5%. On the other hand, the calorimeter is sensi- 
tive to changes in power at the 0.29b level if a sufficient num- 
ber of data points are averaged. 

A slight difference between the constant obtained using 
the immersion heater and that using normal electrolysis is ap- 
parent. This difference is caused by a slight loss of he# iroin— 
the heater through the connecting copper wires and through 
the air above the oil that surrounds the nichrome heater wire 
within the glass enclosure. 

Figure 6 compares the calibration constant obtained from 
individual fits with the data shown in Fig. 5, but as a func- 
tion of jacket temperature. The line shown in the figure is 
obtained from a linear least-squares fit and results in the 
equation 



B = 3.7 + 0.0157> , 



(1) 
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Fig. 5. Comparison between calibrations using normal electrolysis with a platinum cathode and with the immersion heater. Linear least- 
squares fits to the data are shown. The jacket temperature is near 19°C, and the electrolyte is 0.3 S LiOD. 



in which B is the calibration constant and 7> is the jacket 
temperature in degrees Celsius. Because most studies are 
made at jacket temperatures near 20°C, an exact knowledge 
of the effect of jacket temperature is not necessary. An av- 
erage calibration equation of 

developed power (W) = 0.36 + (3.7 + 0.0157}) AT (2) 

is used during the study of the first palladium sample. 

ILB.5. Factors Affecting Accuracy 
of Heat Measurement 

Because bivalue charging of the palladium cathode is 
used, this mode is studied by using platinum electrodes in or- 
der to determine the amount of scatter introduced. Figure 7 
shows that the scatter in the apparent excess power is about 
± 1 W at a current that deposits 35 W in the cell and ±0.3 W 
at low current. This scatter is caused by local variations in the 
temperature within the cell as well as by rapid changes in cell 
voltage caused by bubble action. While* a detailed statistical 
analysis might reveal excess heat at lower levels, the produc- 
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tion of excess heat is not claimed unless the measured aver- 
age value exceeds this scatter (± 1 W). 

During excess heat production, the temperature of the 
electrolyte is above room temperature. Consequently, to the 
extent that heat could be exchanged with the room, excess 
heat is underestimated. 

When apparent excess heat is observed, various tests are 
made to determine whether it might be an artifact of the mea- 
surement. Two artifacts are observed: (a) an abrupt 2-V neg- 
ative error in the measured cell voltage when the value rises 
above 14 V and (b) a very unstable temperature reading when 
the cell voltage rises above 20 V. These defects do not affect 7 
the data reported here. 

Concerns have been expressed in the past about the intro- 
duction of error by temperature gradients within the cell; Al- 
though active stirring is used at all times, small gradients are 
observed between the top and bottom temperature probes, as 
can be seen in Fig. 8. The reason for this behavior can eas- 
ily be understood by watching the bubble pattern during elec- 
trolysis. Stirring action pulls liquid down past the anc^iirp^ 
the outer wall, and past the temperature probes.: Berause the ■ 
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Date 



Platinum cathode 
May 2, 1992 
May 3, 1992 
May 4, 1992 
May 4, 1992 



Test 
Number 



10 
11 
13 
14 



15 



Palladium samp le 1 cathode 
May 5, 1992 

Recombiner changed 
May 13, 1992 
May 14, 1992 
May 18, 1992 

Recombiner changed 
May 19, 1992 



Tj 
(°Q 



19.1 
19.1 
19.2 



Condition 



Normal 
Exterior 
Normal 
Bivaiue* 



w *ts=A+B*AT 


A 


B 


0.2069 
0.7821 
0.8994 
0.5400 


3.9748 
43611 
4.0091 
4.0870 




19.2 


Heater 


19.3 


Heater" 


19.4 


Heater c 


19.5 


Heater* 


19.0 


Heater" 



« I 22 I i7.2 J Heater* | 0A11S 



0.2178 

0.2687 
0.1732 
0.5794 

0.6319 



Platinum cathode 
May 22, 1992 
May 23, 1992 
May 23, 1992 
May 24, 1992 
May 24, 1992 

Palladium cathode 
May 25* 1992 

Platinum cathode 



Ptl 


9.7' 


Pt2 


9.7 


Pt3 


20.8 


Pt4 


20.7 


Pt5 


20.7 


Call 


19.7 



"Normal 
Heater 
Normal 
Heater 
Bivalue 3 



Heater e 



riannum cathode 

N ^?f^ «"» ~ ?ennccoup,es 

T * l ° 18.9 Mnmi fl 1 



June 2, 1992 
June 3, 1992 
June 3, 1992 
June 4, 1992 
June 4, 1992 



Pt6 
Pt7 
Pt8 
Pt9 
PtiO 



18.9 
20.5 
20.4 
20.4 
20.4 



Normal 
Normal 
Heater 
Normal 
Bivalue 4 



b a ys i8 A v ^ uesatoi3and2 - 7 7A. ■ 



0.0104 
-0.1159 
0.1261 
0.0451 
0.1100 

0.1248 



0.2668 
-1.5050 
-0:2295 

0.0396 
-0.400 



4.2991 

4.2518 
4.2881 
4.1888 

4.2803 

4.3020 



3.8340 
4.0103 
3.9649 
4.2919 
4.0500 



4.2808 



3.9682 
2.9222 
4.2477 
4.0125 
3.9850 



Standard 
Deviation 
(W) 



0.26 
0.28 
0.49 



0.22 

0.26 
0.27 
0.22 

0.32 

0.45 



0.26 
0i58 
0.22 
0.29 



0.28 



0.41 
1.04 
0.32 
0.34 
0.43 



Remarks 



Before charging 

193 to 197 h 
208 to 212 h 
304 to 309 h 



332 to 337 h 
382 to 386 h 



No stirring 



bottom probe sees the flowing liquid first ithw . nnw , ,. 
warmer than the top probe as eSh^ becomes sh ^ tl Y 
Because the cathodeKslffS hv , ' S incnased - 
much of its heat goes to The S^taJd ftfE? ac ? 0n ' 
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Fig. 6. Effect of jacket temperature on the calibration constant 
when calibration is done using the immersion heater and 
normal electrolysis with a platinum cathode. 
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Fig. 8. Effect of applied power on the temperature difference 
within the electrolyte and through the flowing water in the 
jacket. A platinum cathode is used. 



pat em without having any significant effect on the cali- 
bration constant. Consequently, these small gradients do not 
have an important affect on heat measurements in this 
calorimeter. 
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Fig. 7. Apparent excess power determined by subjecting a plati- 
num cathode to bivalued charging at 0.13 and 2.8 A. 



Row through the jacket is so rapid that little tempera- 
ture .difference exists between the inlet andoutlet, even at 
the highest power level, as shown in r 7 ^. 8. Consequently, the 
fixed bath temperature is not affected by power production 
within the cell. However, there are abrupt fluctuations of 
about ±0.3 °C in the bath temperature due to limitations in 
the bath temperature controller. These occasional fluctuations 
do introduce some scatter in the measurements and ap- 
pear to be the major cause of outliers. 

When stirring is stopped t the top temperature tends to in- 
crease slightly (<0.4°Q with respect to the bottom, and the 
calibration constant decreases significantly. Although bubble 
action alone prevents serious temperature gradients from de- 
veloping, apparently the stagnant liquid barrier at the glass 
surface is not altered as it is when active mechanical stirring 
is used. Consequently, if stirring action should decrease dur- 
ing a run, the resulting temperature increase could be inter- 
preted as excess heat. 

ILC. Additional Measurements 

The ambient deuterium pressure in the calorimeter and 
the cathode potential, referenced to a platinum electrode, 
are measured to reveal changes in the deuterium/pa lla d ium 
(D/Pd) ratio of the cathode bulk and surface, respectively. 

J/.C.7. Deuterium Pressure Measurement 

A Baratron pressure transducer (±0.1 full scale, 0 to 
1000 mm) is used to measure the D 2 pressure within the sys- 
tem. Changes in this pressure combined with the known vol- 
ume of the gas system allow the amount of deuterium taken 
up by the palladium to be determined. This pressure is cor- 
rected for changes in room temperature. When determined 
in this manner, the D/Pd ratio is accurate to ±0.005 during 
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the first few days. However, there is a gradual increase in 
pressure over time that is proposed to be caused by interac- 
tion between oxygen and carbon in the catalyst to form Cft, 
thereby leaving behind excessive deuterium. Consequently, 
after a few days, the pressure cannot be used to obtain an ab^ 
solute D/Pd ratio, although short-term relative changes can 
be seen. A weight measurement at 405 h give* a D/Pd ratio 
that agrees within ±0.002 with the D/Pd ratio obtained from 
a pressure measurement made at 10 h. 

ILC.2. Cathode Surface Potential Measurement 

A capillary probe is placed within -0.5 mm of the cath- 
ode surface, and the voltage between the cathode and an ac- 
tivated platinum sheet immersed in the electrolyte outside the 
cell is measured. This voltage has no absolute meaning be- 
cause the reference electrode was not calibrated. On the other 
hand, relative changes in this voltage at constant cell current 
are significant and are used as an indication of changes in the 
surface D/Pd ratio. This voltage is also sensitive to the de- 
position of impurities on the surface, to the dissolution of 
lithium in the palladium, and to ^ changes in electrolyte resis- 
tivity. However, these processes are relatively slow compared 
with changes in deuterium content, at least during initial 
charging. 

III. STUDY OF PALLADIUM 
IILA. Initial Loi l:ag of Palladium Sample 1 

After asset r.bly, the calorimeter is evacuated several times 
and backfilled with D2 gas at an initial pressure of 692 mm. 
Calibration using the immersion heater is done, giving the 
result shown in Table II. Because there are no significant 
differences between this calibration and the ones done pre- 
viously, all the calibrations are combined as described previ- 
ously to give Eq. (2) and applied to the first part of the study. 

III.R. Initial Charging of Palladium Sample 1 

n ^ mtial fading is done at a constant current of 0.13 A 
(0.02 A/cm ). Figure 9 compares the measured D/Pd ratio 
.with the ideal ratio, assuming that all deuterium atoms pro- 
duced by electrolysis are dissolved in the metal. For the first 
1 50 min, essentially all of the deuterium dissolves. Once a ra- 
tio of 0.82 is achieved, loading is stopped. The following 
slight indication of deuterium loss is not thought to be mean- 
ingful. There is no subsequent indication, to the extent that 
uncertainties allow, that higher bulk D/Pd ratios are achieved 
during subsequent treatments. A later measurement of weight 
change indicated a D/Pd ratio of 0.82. 

Both the voltage at the capillary probe and the cell volt- 
age show a similar relationship to the D/Pd ratio during 
this time, as shown for the probe voltage in Fig. 10. Changes 
in slope correspond to previously reported compositions of 
the equilibrium phase boundaries at 1 atm D 2 and 25 °C. 
This agreement with previous equilibrium measurements sug- 
gests that the composition gradient within the palladium is 
small at this loading current. 

During charging, the excess power is equal to zero within 
the uncertainty of the measurement. Table III summarizes the 
history of palladium sample 1 . This detail is included because 
the importance of charging history is not known at this time. 
Uunng the first 17.2 h, the sample is loaded at constant cur- 
rent. For the next 65.4 h, the current is ramped in steps begin- 
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Fig. 9. The D/Pd ratio as a function of time during the 
charging of palladium sample 1. 
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Fig. 10. Relationship between probe voltage and D/Pd ratio when 
charging palladium sample 1 at constant current. 



FUSION TECHNOLOGY VOL. 23 MAR. 1993 



mng at the lower current and extending to the upper current 
limit, then the current is abruptly returned to the lower cur- 
rent, as recommended by Takahashi. This cycle is repeated 
at the intervals noted in the table. Periodically during this 
treatment, the current is fixed at the lower current, and mea- 
surements of excess heat are made. There is no indication 
during this time that excess heat is being produced at 0.13' A. 
Because the calorimeter is not in equilibrium during theraihp 
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TABLE III 



Charging History of Palladium Sheet 1 





Time 




Data Set 


(h) 


Treatment 


May 5, 1992 






Test 15 




Calibrated using heater 


Pdl 


0 to 172 


Charged at 0.13 A 


Pd2 


172 to 17.5 


Ramped from 0.13 to 2.77 A 




17.5 to 18.0 


Held at 0.13 A 




18.0 to 25.4 


Ramped from 0,13 to 2.77 A every 18 min 


Pd3 


25.4 to 26.3 


Controlled at 0.13 A 




26.3 to 39.1 


Ramped from 0.13 to 2.7 / a every 0 nun 


Pd4 


39.1 to 39.8 


Controlled at 0.13 A 




39.8 to 47 2 


Ramped from 0. 13 to 2.77 A over 6 min 


raj 


47 2 to 48 7 


Controlled at 0,13 A 




48.7to64:3 


R^ped^fpm~Cr:i3 to 2.77 A over 6 min 


Pd6 

i Uv 


64.3 to 65.4 


Controlled at 0.13 A 




65.4 to 90.1 


Cycled between 0.13 and 2.77 A each 20 min 


ru/ 


90 1 to 98 1 


Cycled between 0ll3 and 2.77 A each 30 min 


PHS 
ruo 


98 1 to 1 14 


Cycled and held at 0. 13 A for 30 min and 2.77 A for 60 min 


Pd9 


114 tO VJLL 


f\rtAeA *nt\ hp\A at 0 \% A for 30 min and 2.00 A for 60 min 


PdlO 


122 to 1; 5 


Cycled and held at 0.13 A for 30 mm an* 2^50 A tor oO mm 


Pdll 


136 to 146 


Cycled and held at 0.13 A for 30 min ant 2.80 A for 60 min 


Pdl2 


146 to 159 


Cycled and held at 0.13 A for 30 min and 0.5 A for 60 min; 6 ntfihO added 


159 to 160 


Cell turned off and recom Diner repiacea, cawoae m air iur mu&i ui uic uwc * 


Pdl3 


160 to 170 


Controlled at 0.13 A 


170 to 186 


Controlled at U.Zj a; recom Diner inennocoupie msuuieu 


Test 17 


186 to 208 


Calibrated while electrolyzing at v.Zj a using nearer 


Test 18 


208 to 216 


Calibrated while electrolyzing at 1 .u A using neater 




zio to LOJL 




Pdl4 


232 to 238 


Cycled and held at 0.25 A tor 30 nun ana z.o a ior ou mm 


710 to 


Cycled and held at 0.40 A for 30 min and 2.8 A for 180 min 


Pdl5 


258 to 267 


Cycled and held at l.u a ior nun ana ^.0 a iur iou ami 


Pdl6 


267 to 270 


Controlled at 2.0 A 


270 to 289 


Cycled and held at 1.0 A for 30 min and 2.8 A for 180 min 


Pdl7 


289 to 304 


Controlled at 2.8 A 


Test 20 


304 to 312 


Calibrated while electrolyzing at 1.0 A using heater 


rulo 


11? to HI 


Cycled and held at 0.5 A for 30 min and 2.8 A for 180 min 


331 to 332 


Recombiner replaced; 6 ml D 2 0 added + 1.0 ml electrolyte; cathode in air 


leal £l 


¥¥1 to 337 


Calibrated while electrolyzing at 0.5 A using heater; cell resistance dropped from 7.5 




to 3 fl; no bubbles 


Pdl9 and 20 


337 to 381 


_j _* "v 7 A • Tw.r plprtrical ennfart in cell 

Controuea ai zu v, »v. / a, puui cicbuiuu tuuiaki m 


381 to 382 


Cell opened and connection repaired; palladium washed with acetone, weighed, and 




placed in liquid nitrogen; z nu electrolyte aaaea, new recomomer 


Test 22 


382 to 387 


Calibrated while electrolyzing at 0.3 A using heater 


Pd21 


387 to 401 


Cycled and held at 0.3 A for 30 min and 2.8 A for 180 min; bath controller failed; 
T=5°C 




401 to 405 


Electrical connection to anode broke; no bubbles; palladium washed with acetone, 




1 405 


weighed, and placed in liquid nitrogen 






(Continued) 
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TABLE III (Continued) 



Data Set 



Time 



Treatment 



May 22, 1992 " ~~ ri — 

The following changes were made in the cell: 

ca t hod?i^ 1 ^vS S orcSS. and '** **** ^ OT ^^totl«anode.T^cau*dthe 

2. The recombiner was placed on a platinum screen at the top of the gas space. 

3. The electrolyte was replaced. 

4. A platinum cathode was installed. 



anode- 



Ptl 
Pt2 
Pt3 
Pt4 
Pt5 



Calibration using normal electrolysis 
Calibration using internal heater 
Calibration using normal electrolysis 
Calibration using internal heater 

Cycled and held at 0. 13 A for 30 min and 2.8 A for 180 min 



May 25, 1992 

The palladium cathode was returned to cell, and the electrolyte was replaced. 



Call 
Pd22 

Pd23 
_Pd24 



477 to 482 
482 to 505 

505 to 522 
522 to 543 



Calibrated using internal heater + 0.13-A electrolysis 
Hddat0.13A 

Cycled and held at 0.5 A for 30 min and 2.8 A foi T80 min 
Fa fd at 2.8A 

Cy< isd and held at 1.0 A for 30 min and 2.8 A for :80 min 



mode, it is not possible to know whether excess heat is being 
made at the other currents. This limitation is overcome by 
using a bivalue current mode that allows the calorimeter to 
stabilize before the current is again changed. 

III.C Excess Heat Production 

A bivalue mode is used starting at 65.4 h with the times 
and upper current values listed in Table III. Once this mode 
is adopted, excess energy is observed, as shown in Fig. 11. An 
indication of excess power is first observed after 90 h, and 
this fluctuates between 0 and 2 W at 2.8 and 2.5 A through- 
out the study. No excess is observed at 2.0, 0.5, and 0.13 A. 

Unfortunately, the cell is observed to lose fluid, and water 
begins to appear in the gas system at the external recombiner. 
Thus, at some time during this study, but after calibration, 
the recombiner within the cell has stopped recombining most 
of the released oxygen. The exact time is unknown because 
the temperature of the external recombiner was not yet be- 
ing recorded. Consequently, the excess heat values are lower 
limits to the actual heat produced. The remaining energy 
leaves the cell as oxygen. 

At 159 h, the cell is opened, and the recombiner is re- 
placed. This operation requires that the cathode be exposed 
to air for -47 min with a resulting slight loss of deuterium. 
After reassembly, the cell is calibrated, and the bivalue mode 
is resumed. The resulting excess heat is plotted in Fig. 12. 
After ~5.h, a small burst of heat is observed, followed by a 
steady increase over the next 55 h. A calibration using the 
immersion heater is run between 304 and 312 h while 1.0 A 
of current is applied to the cathode. Periodically, excess 



power measurements are made at various lower currents. Not 
only is the excess absent at 2.0 A and below, but these peri- 
odic interruptions do not seem to alter the steady rise once 
2.8 A is resumed. At 295 h, the recombiner begins to fail 
again, and the measured excess power begins to decrease. 
This failure can be seen in the temperature rise at the exter- 
nal recombiner shown in Fig. 13. If no oxygen were being re- 
combined in the cell at 330 h, 4,3 W(2.8Ax L54 V) would 
have to be added to the measured excess to give the actual 
value. When this is done, the value falls on the upward trend 
created by the earlier data. Thus, the upward trend in power 
generation apparently continues to the point when the cell is 
again turned off . 

While excess power is being produced, the normal tem- 
perature gradient in the cell changes. Although the effect 
shown in Fig. 14 is rather scattered, the least-squares line 
suggests a trend toward an increase in the top temperature rel- 
ative to the bottom as excess power increased. This trend is 
opposite to that found when electrolytic power is increased 
without the production of excess power, as shown by Figs. 15 
and 8. Figure 15 shows the effect of applied power at currents ■ 
below those producing excess power during this phase; while ~ 
Fig. 8 shows the effect when platinum was used as the cath- 
ode. This difference suggests that the excess heat is originat- 
ing from a different position in the cell than does electrolytic 
heat. This position is proposed to be the palladium cathode, 
a region that deposits its heat mainly at the top of the cell. 

At 331 h, the cell is shut down again for 78 min to replace 
the recombiner. When the current is again turned on, a poor : - 
electrical connection is found within the cell. The cell js again 
opened, and the palladium is washed with acetone; -washed," 
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Fig. 1 1. Excess power for the high- and low-current modes as a function of time during phase 1 . The current values are indicated. 



and placed in liquid nitrogen. The D/Pd ratio is 0.818 based 
on the weight. At 382 h, the cell is assembled and calibrated 
using the immersion heater while electrolyzing at 0.3 A. A 
srnail excess power production resumes when the current is 
raised to 2.8 A, as shown in Fig. 16. 

At 397 h, a sharp drop in room temperature causes fail- 
ure of the bath temperature controller. The jacket tempera- 
ture drops to »5°C, and any quantitative measure of excess 
heat is. lost. At 401 h, electrical connection to the cathode 
breaks, and the metal is without charging current for 4 h. 
The D/Pd ratio drops to 0.73 phased on the weight. The metal 
is placed in liquid nitrogen while repairs are made, calibra- 
tions are done, and palladium sample 2 is studied. Before pal- 
ladium sample 1 is returned to the ddorimeter, the lower 
halves of both sides are sanded with 600-grit SIC paper until 
bright. This material is studied for 314 h at various currents 
up to 3.5 A and at temperatures between 10 and 30°C. At the 
end of the study, the D/Pd ratio is 0.64, and most of the out- 
gassing is occurring from the region that had been sanded. 
These efforts fail to show further excess heat production. 



UUL Excess Volants Measurement 

When palladium loads with hydrogen, stresses that de- 
velop when the a phase converts to the 0 phase can introduce 
cracks and dislocations and cause excess volume. This excess 
volume reduces the ability of palladium to achieve an aver- 
age, high D/Pd ratio. 29 A comparison between the physical 
volume measured before reacting with deuterium and a sim- 
ilar measurement when the D/Pd ratio is equal to 0.73 shows 
that the material is within 0.8% of the expected volume. The 
excess volume increases to 1.7% at D/Pd =0.64 after the sec- 
ond part of the study using this palladium. ; v 

IIL£ Inrtial Loading and Stody of Palladiam Sample 2 

Initial loading is done at 0.020 A/cm V A small gas leak 
in the system, although corrected for, makes a measurement 
of the absolute D/Pd ratio somewhat uncertain. This prob- 
lem has a less important effect on the shape of the loading 
curve. As can be seen in Fig. 17, the shape of the loading 
behavior is very different from that in p^achum sainpje ;,Jg. 
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(Fig. 9). This palladium was treated to charging conditions 
similar to those used for palladium sample L When no excess 
heat is observed during 76 h, the cell is opened, and the pal- 
ladium is weighed. The D/Pd ratio, based on the weight, is 
0.75. 

A volume measurement shows that the palladium is 
13.5Vo larger than expected based on the deuterium content. 

IV. CONCLUSION 

Two pieces of palladium sheet from different batches 
were studied. One produced excess power for a while, and the 
other did not. 

Excess power has been produced in an electrolytic cell 
using palladium similar to that used by Takahashi. During 
the first 330 h of the study, excess power levels that reached 
~2Q°7o of applied power («7.5 W) were measured before 
the study had to be interrupted. This power increased with 
time while the palladium was electrQiyzed at 0.42 A/cm 2 . 
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No measurable excess power was seen below 0.38 A/cm 2 . 
This excess is -75% of the amount expected at 0.42 A/cm 2 
as proposed by Storms 30 based on a variety of calorimetric 
measurements. 

The excess heat originated from a different position 
within the cell than did electrolytic heat. This position is pro- 
posed to be the palladium cathode. The palladium produced 
heat in spite of being exposed to air after loading with deu- 
terium and being placed in liquid nitrogen for a short time 
and despite the electrolyte being saturated with C0 2 . How- 
ever, no excess was produced after deloading to D/Pd = 0.73^ 
The bivalue mode of charging, as used by Takahashi, does 
not appear to be a requirement for continued heat produc- 
tion once production starts. ; ' 

The palladium sheet that produced excess heat was loaded 
to D/Pd = 0.82, and the deuteride contained no significant 
excess volume. On the other hand, the palladium sheet that 
failed to show excess power was loaded to only D/Pd = 0.75 
and had 13.59b excess volume. One explanation is that the 
second piece of palladium contained internal defects thaty 
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Fig. 13. Temperature difference between the external recombiner 
and room temperature as a function of time. 
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14. Relationship between excess power and inner temperature 
gradient when 2.8 A (38.4 W) is applied. The line is a lin- 
ear least-squares fit to the data. 



caused the formation of cracks during loading with the result 
that a high D/Pd ratio could not be achieved. On the other 
hand, sanding of the first palladium sheet prevented high 
loading even though no significant excess volume was created. 



It is generally agreed that the production of excess energy 
requires high local concentrations of deuterium. To achieve 
high concentrations, a high rate of deuterium dissolution at 
- the surface must occur as well as a low rate of loss from the 
interior through escape paths. The ability to dissolve deute- 
rium rapidly at the surface depends in part on using a high 
applied current, having the absence of certain impurities but 
the presence of others, and having a uniform current density. 
No matter how fast the deuterium is loaded into the palla- 
dium, if the deuterium can escape more rapidly from the in- 
terior, a high stoichiometry cannot be achieved. Escape paths 
form when defects or cracks are present in the metal or when 
the metal is cycled between the or and 0 phases. A routine 
measurement of the palladium volume during a study would 
help give a partial understanding of why some materials work 
and others do not. 

Once electrolysis is started, a concentration gradient with 
respect to deuterium forms within the cathode. The magni- 
tude of this gradient is determined by the relative compe- 
tition among deuterium uptake, deuterium loss, and the 
diffusion constant. The diffusion constant is influenced by 
temperature and the dissolution of impurities such as lithium. 
The lower the temperature is, the smaller the diffusion con- 
stant and the steeper the gradient are. In any case, the high- 
est concentration of deuterium must exist at the surface. 
Therefore, to the extent that the deuterium concentration is 
important, the heat-producing reaction will be localized at the 
surface. A greater fraction of the volume might become in- 
volved as eJectroly ^ continues to raise more of the gradient 
above the critical composition, but this will be a slow process. 
Consequently, repeating heat production on the basis of the 
cathode volume not only conflicts wittythis expected, behav- 
ior but also gives the false impression of a much higher heat- 
producing rate than was actually observed when the usual 
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Fig. 15. Effect of applied power on the inner top and bottom tem- 
perature at power levels below where excess power is ob- 
served during phase 2. 
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16. Excess heat production during phase 3. 
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Fig. 17. Charging behavior of palladium sample 2. The ideal curve 
shows the expected D/Pd ratio if all deuterium produced 
by electrolysis were dissolved in the palladium. 



small samples were used. Based on the thin film studies by 
Bush and Eagleton, 26 the reaction is within 5 fxm of the sur- . 
face, and the power densities are much higher than those re- 
ported using the total cathode volume. 
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Changes in heat production produced by changes in ciiN 
rent cannot be attributed to the current change alone When 
the current is changed, the applied power changes, and this 
causes the temperature of the cathode to change. In the cat 
onmeter used here, a change in current from 0.02 to 0 4 
A/cm causes the temperature of the electrolyte to chanie 
by 10°C While this does not appear to be a large amount/ 
changes in the diffusion constant for deuterium or changes 
in the other processes that affect the chemical environment 
may be significant. 
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ABSTRACT 



Gas lading experiments --'luvfe:!^:!)^^^^- V 
method of heating deuterated p^adiunr ^^K^ia 
vacuum chamber to induce anbmaldus nudMlff^<^. 
Neutron emissions and tritium productions w^ pbs^yed 
in some cases when deuterium ga*Was reiei^fi^^ 
deuterated palladium sampfes ^ffi^^^ 
anomalous and unexpected phenomena occur in D^Pd 
system as reported in many papers on cold fusion. 



I INTRODUCTION 

Research on cold fusion began in 1989 with the 
announcement of Dr. Fleishman and Pons 1 . Since cold 
fusion phenomena have possibility of being a hew energy 
technology, considerable efforts have been paid to confirm 
their experimental results that nuclear reactions are 
electrochemicaily induced in D2-Pd system 2 " 4 . However, 
we still have much uncertainty on the nature of cold 
fusion phenomena. 

The authors started the research on cold fusion from 
the begging of 1993, in order to clarify the nature of cold 
fusion phenomena and investigate its potentiality as a 
new energy source. In this paper, we performed gas 
loading type experiments in D2-Pd system* and could 
observe neutron and tritium production several times. 



II. EXPERIMENTAL METHODS 

A. Preparation of Deuter^ Paliacfium ^ ; > 

; Pdladiunr sa^^teail^^^^#^pgS 
prepared as ^ 
Tanaka Kikinzoku : KogyofK^ 



_^apetAnejii,a supersonic cleaning- d^^^^ 
,airai 573K fbran hour to remove organic^dirtt^pihi 
from the surface. After that, we copldl down th^s^le 
to room temperature (~ 298K) in deuterium - 
loading (D/Pd ~ 0.66), we kept the deuterated pallito 
samples in liquid nitrogen temperature (77K) for s^^n 

. ^P^- Usually it takes more than ua-w^iiti#is! 
loading. We estimate a loading ratio (D/Pd) by m^m ni 
mass.change of a palladium sample caused by abscnrptoi 
of deuterium gas. leading ratio we obtain in 1 atm i 
about 0.66. The samples were bring back to roon 
temperature environment, and then gold or aluminum thin 
film was vapor deposited onto both surfaces of tht 
deuterated palladium in order to reduce the rate o 
deuterium gas release. We tried many kinds of pre 
treatment methods. Some samples were heated in the ai 
at 900K for two hours and were quenched in pure wate 
instead of cooling the samples in liquid nitrogen. 

B. Experimental System 

The sample is introduced into a vacuum chamber ant 
set on a heater located in it. Figure 1 shows a schemata 
view of experimental devices. The chamber is equippec 
with two He-3 neutron detectors (EG&G Ortec: RS-P4 
0803-235), a Nal scintillation counter (Bicron: 2M2/2) fo 
gamma-ray spectroscopy, a silicon surface barrier detecto 
(EG&G Ortec: CU-020^450-300) for ch^gedfparticl< 
spectroscopy and a high-resolution ; ,iquad^ 
speittrbmeter(Ulvac: HIRESOM-^M) . 

detectors surrounded:a*ii^^ 
^m6Ma^^. used only for neutirm 
systenico^ pn^jplifi^^^ 




c^eci^ computer by 

to gmima^ray spectroscopy system, we iise ^ a^ff©S^^er 
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He-3 Counter A 



Quadmpole 
Mass Spectrometer 



fed-Particle 



^ Na! Scintillator 



f3 Counter B 




l.vSc&emaac View m 



lands 



}&G-X3^'-^^^ : 575A) 

I a multi-channel analyzer (SEIKO EG&G : MCA4100, 
article spectroscopy^system consists of a 

(SEIKO-EG&G 

p^Uiod; 4200);: ; 

r "All these devices are located in a clean-room where 
pemperature and humidity are always controlled at constant 
^eVfelsy ( ^ order to prevent 

|&ntaniination and false counts induced by humidity in the 
jfjrirff^ signals from these 

petectors by digital storage oscilloscopes to confirm that 
f the signals originate from true nuclear events. 

C Experimental Procedure 

As a way to induce anomalous nuclear effects, we heat 
the sample and make deuterium in the palladium metal 
released out The reason b that . the authors consider that 
anomalous nuclear effects occur in deuterium diffusion 
process or recombination process on the surface. If we 
heat the deuterated palladium sample kept at room 
temperature up to about 40OK, deuterium atoms contained 
in the palladium metal move toward the gold or aluminum 
thin-film surfaces of the sample and then release out as 
deuterium^ ^i^We bb^ tritiuin and charged 

particle emission gas 
desoiption from the samples by heatings ^ 

iure^^folidv^:-x>-,^ • v 



, (3) Calculation of D/Pd ratio 

(4) Surface modification ( gold or aluminum vapor 
deposition)' 

(5) Set the deuterated sample into the vacuum chamber. 

(6) Evacuating the Camber (~10~^ Torr) 

(7) Begin to measure neutron, gamma-ray, charged 
particle, pressure in the chamber, temperature of the 
heater and start up the quadmpole mass spectrometer 

(8) Heating the sample up to 400K 

(9) Observation 

(10) Heater off 



HL RESULTS AND DISCUSSION 
A. Neutron Emission 



Figure 2 shows an example of experimental results on 
neutron emission. This sample has gold thin film pri;it, 
and D/Pd is 0.66. In this experiment, we had only a 
single neutron counting line. 
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>AtJhe^ to room 

tem§^^ neutron 
cemt||g£^ can 

indnbais^OTavfte a clear 

aridO|n^ as 
sh||^ Cannot 
see^^^S: fR^.(b). It is ^^icte^d d^l in the case of 
hea&ng v&io 520K, the re^l|race of deuterium gas, 
which is ^closely related of 
deuterium atom in paUadium^Iattice and recombination 
process pin die sample surface,3^iot. adequate to induce 
neutron emission. Howeyer4^fe^^son Why neutron 
emission occurs is not cl^^Tfifeemission rate is 
estimaotetf^^ 

calibration ioiitce; • iuid tii^oi^^ rate of 

B^TCtiumProduaipn / j 

of released gas; from a s^ple fe snp D/Pd of 

this sample with gold / thin film is 0.65. Since the 
resolution (M/DM) of this nieaSurement is low 
(M/DM=60M), bbth sig^f^ ^"sliownV m -.this figure are 
composed of DT(5.030 amu) and- DDH(5;036 iunu). The 
signal for mass number 5 (DT+DDH) after heating reaches 
about 6 dines as large as loading D2 gas. 

In order to distinguish DT signal .from ;DDH t the 
released gas from the sample and D2 gas used for loading 
were analyzed with high re^oiutiori(J^M=250M). 
Figure 4 shows a result of the high resolution 
measurement. Mass difference between the peak for 
released gas and the peak for loading gas is 0.006 amu. 
These peaks for released and loading gas correspond to DT 
and DDH, respectively. We cin see; that DT signal was 
about 50 times as large as DDH signal: Therefore it 
demonstrates that DT is dominant in the released gas 
around mass number 5.. .We can say that certain tritium 
production mechanism exits in our experimental process. 

It is possible to consider that signkl of mass number 5 
after heating in Rg3 is ^^qia^uted w^I^ ^though 
we can distinguish DT^from DDH by lii^: resolution 
operation, there is a demerit that we : lose sensitivity 
instead of obtaining high resolution.^ 
to momtOTmas^um high 
sensitivity, SMCe,|i^^^ for 
• meas^^ • " 
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C. Neutron and tritium production 

An experimental result ony neutron^ 
production with time evolution cf:totat:pressure in the 
vacuum chamber is shown in .HgJ:^^ 
D/Pd of this sample, which has -&ui^ 

0.66:, ■ :i ? .r--r- r [i;.;:; .; ; "' ~^-^<- =••••---— - - 
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Two independent He-3 counters are Used to improve 
neutr^m counting reliability ^iConp 
prodtfaion, we measured only peak viJue ^ for 
mass ntmibCT We 
define DT+DDIf toi^^ and 
it is normalized by the measured D2 gas. 

If DT+DDH breeding ratio is larger than 1.0, it means 
that the released gas from the sample contains more DT 
and DDH than D2 gas used for loadteg. Furthermore, it is 
considered that most of the released gas consists of DT as 
we described before. 
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After heating the sample up to 400K, we can see 
sudden increases of total pressure, neutron count rate and 
DT+DDH breeding ratio simultaneously. 
It shows that both neutron arid tritium are generated with 
deuterium gas release from the sample. Coincidence of 
neutron and tritium production with deuterium gas release 
has been observed several times. 

A larger neutron emission peak can be seen after about 
40 minutes of the first neutron emission. We also 
experienced to observe similar phenomena in the other 
samples. The authors consider that these phenomena are 
related with the diffusion process of deuterium atom, since 
the timei for diffusion through 1mm thick palladium metal 
at 400K is about several ten minutes^ and it corresponds 
to the delay time of the second neutron emission. 



~D.TThe other Nuclear Products 

Up to the present, gamma-rays which would emitted 
from deuterated palladium samples have never, been 
detected. However, we observed charged particle spectra 
several, times during deuterium gas release from some 
quenched samples covered with aluminum thin-film.. 
Mass number of charged particles can not be specified at 
present, since only one detector for charged particle is 
available. Therefore the authors will show the spectra 
after specifying what type of charged particles are produced 
in the samples. 

E. Reproducibility 

Reproducibility on neutron emission and tritium 
production is summarized in the table l.The'number of 
total samples is about 50. Criteria for neutron emission 
and tritium production are also shown in the table. We 
experienced that some deuterated palladium samples did not 
show any nuclear effects with the same experimental 
procedure. It suggests that the nuclear effects we observed 
depend on the hidden condition of the sample. 

With regard to neutron emission, only 15% of total 
samples emitted statistically significant neutrons if we 
choose the criteria shown in the table. Reproducibility of 
tritium production is better than neutron emission, 
however, it is desirable to measure DT gas only by JJ-ray 
counting to detide quantitative tritium production rate. It 
is a next , work to be done. 



Figure 5 Neutron and Tritium Production . 
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Table 1 Reproducibility 
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Reproducibility of our experiments is not good as it is 
shown in the tables Since the nature of cold fusion 
phenomena is still unclear, we cannot control macroscopic 
experimental factors in order to cause anomalous nuclear 
effects that must be dominated by uncertain microscopic 
factors. It is necessary to investigate much more about 
cold fusion phenomena to establish this new field of 
science. 



IV. CONCLUSION 



We heated deuterated palladium metals in the vacuum 
chamber and made deuterium gas in the samples released 
out, assuming that anomalous nuclear effects occur in 
deuterium diffusion process or re^ on 
the surface. As a emission and 

tritium production induced by deuterium gas release have 
been observed several^ to Coincident neutron 
emission with tritiunt ^ 

However, reproduri^ pur^xperimaits is not good at 
present It is caraido^ 
effects in^-P<^^ 
^phCTdm^ t ' " - 
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The nature of the nuclear phenomena associated with the Pons and Fleischmann effect remains largely un-xplored. The 
phenomena arc reproducible, but the processes lack controllability. The circumstances of the electrolysis experiments do not 
produce the same niicI^'piToduct distribution as that expected during hot plasma D + D fusion experiments. 

From our earliest qualitative heat versus helium nuclear products analyses (J. Electroanal. Chem, 304, 271 (1991)) to our 
more recent quantitative helium analyses; the utmost care has been exercised with respect to the scientific rigor of our work. 
The correlation between '"-the production of helium and the generation of excess heat has been reproduced in different 
laboratories and under different experimental protocols. Preliminary results are shown in the Figure: 
The quantitative correlation between 
the amount 6? ei^^ 
helium produced is at the level that is 
expected for a high energy nuclear 
reaction, such as fusion. These results 
are underwritten by extensive 

3 He: 4 He: 20 Ne control experiments, 
which will be described in the 
presentation. 

Calorimetric quality is the foundation 
of this work. In our early work, 
isoperibolic calorimetry was used 
successfully* In our later work as 
depicted in the Figure, high 
performance Calvet calorimetry is 
used. This is die most rigorous method 
of calorimetry known, amounting to an 
integrated measurement of the total 
thermal flux. Electrolysis off-gas 
production rates were measured to 
determine die Coulombic efficiency of 
the electrolysis. Atmospheric helium 
contamination was precluded by use of 
all-metal gampling flasks and all-metal 
gas collection equipment with helium 
leak-tight Cajon VCR metal seals. 

Radiation monitoring suggested the 
presence of a weak source of high 
energy Y-radiation. The weakness of the source tended to confound the analysis because of the statistics of the minimum„ 
detectable activity associated with vmous radi^ cathodes used in these experiments were palladium 

electroplated on gold-flashed copper. No caloric ^ 
The technical aspects <tf;^nuc^ as it was reproduced under various protocob. 
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figure. D + D -* *He + 24 MeV is the most energetic reaction known. The 
heat versus helium analysis can be used to attempt to identify the nuclear 
reaction pathway by comparing the quantity of helium produced to the amount 
Of energy generated. Thus, the most energetic reaction known would generate 
24 MeV/He, as shown depicted by the line in the plot Likewise, the 4 
MeV/*He line is included to add perspective. These results were obtained with 
all-metal apparatus shown to be capable of eliminating atmospheric 
contamination. - 
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ABSTRACT 

Counts and energy spectrum of anomalous 
neutron and possible anomalous X-rays have been 
measured , in Deuterium / Metal gas discharge Sys- 
tems. Electrodes made of Nb, Ta. WTh x , Pd, Ni 
or other metals were fixed to both ends of a glass reac- 
tion bulb, the voltage of applied alternating current 
was 2.7-18 KV (50Hz). 2.45MeV neutrons have been 
measured on condition of dynamic low pressure 
(<100Pa) deuterium gas glow discharge, neutrons of 
other energy over background have not been detected. 
The ratios of experimental neutron yield to theoretical 
one were much greater than 1 when low voltage was 
applied; the ratio > 8 in . D/WTh^ system when 
U=4.7KV; the ratio > 46 in D /Ta system when 
U=4.1KV; the ratio > 170 in D/ Nb system when 
U=2.7KV. The neutron emission was stable, 
reproducible and controllable. 

Comparing with air discharge, there were indica- 
tions that anomalous X-rays have been produced in 
D / Pd system. The X-ray spectrum (Ex < 20KeV) 
were similar to the Bremsstrublung spectrum but not 
any sp^trum of which low^energy :X^ys hid been 
absorbed mostly by the gliss wall (about 2mm : thick) 
of reaction bulb. ' ^'••V^lrV'-V:^ 




Fleishmann and Pons 1 and Jones et al 2 , a lot^of ex- 
periments have been carried out in the field. Most of 
the researches are concentrated on the low energy 
process such as the electrolysis of heavy water, ab- 
sorbing and degassing deuterium gas. The luckwarm 
fusion on the charged (D 2 0)+ molecules cluster 
(E = 200-325Kev, n= 10-100) impinging on the 
deuterium targets has been reported by Beuhler et 
al. 3 There have been few results of conditions be- 
tween cold fusion and luckwarmfusion in the 
world.*"* The gas discharge method which will be 
introduced below is the very situation. 

The apparatus used for the fusion studies was 
discribed in the preceding publications. 5 * 6 The values 
of voltage mentioned below are virtual ones. 

E. NEUTRON MEASUREMENTS 

The neutron detector is composed of a liquid 
scintillator ( ST-451, 10.5 cm in diamter and 5 cm 
thick) and a photo multiplier tube XP-2041, an n-y 
pulseshape discriminator modular ( CAlfflERRA 
2160A) is used. Tie detector effideney;is ^;^brated 
with n-p ; scatter^ ^p^rimen^ 
calcutotion^c^n^'dbte is caBbrate^ by ;^MteY. 
neutrons prcuiuc^ in I sta^ 

measiafemfetits are rods 

Neuto^^ obtain^ w 

metals at various voltage, the iecofl^(ibto& 
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spectra corresponding to Fig;t ii $ho*ra 1 in ! FijgJ2, 
?: there are 2.45 MeV neutrons and we conclude that 
|r p(d,n) 3 He reactions have taken place in the gas 
fedfe^harge process. • " 
. The recoil^roton spectrum of 
M systems at 9.1 KV are shown in Fig J, the en- 
ergy of neutrons is 2145 MeV as wll?;^'. 

Last year, we reported that wer had measured 
lower and higher eneirgy neutrbi^f^ ^tout we have; 
not detected them in the present experiment. We think 
there were too high errors in the ' ^ <fctedtors used 
before, so we had obtained wrong informations. 

For gas discharge method, the main problem is 
whether the neutrons are normal beam-target 
neutrons or anomalous ones; For distinguishing them, 
we compare the experimental results with the theory. 
Experimental and theoretical works of 



gas pressure. 

II./ X-RAY MEASUREMENTS 

The measurement system is composed of a 
G^i) detector (GMX200) made in ORTEC compa- 
ny bf USA., a pulse shape analyser 
(C ANBERRA,2 1 60 A) and a IBM-PC/XT comput- 
er. The detector sensitive volume is 102 cm 3 , the 
measuring range is 5 KeV to 1.64 MeV, the relative ef- 
ficiency is 20%. The Ge(Li) detector is placed in a 
lead shielded cabin so that the background is 11 
counts / sec within 20 to 1024 channels ( the back- 
ground is decreased to 1 /20, compared to the ones 
before shielded ). 

The electrodes used for X-ray measurements are 
in shape of Pd plate. The thickness of the glass wall of 



—voltage / low^re ssure^dist& aiasi^ a. the r uction bulb is 2.0 ± 0.2mm. 



tablished Iby ^c^^ 
we find that the beam-taf^ ra 
major in the cathod fall region between the electrodes 
instead of the cathod targets interior, the gas pres- 
sure and distance of electrodes toye few-effects on the 
neutron yields. Tte nmto^ 

portibnal to the secon lary aiaim coefficients 7 (. 
number of secondary electrons rleased from the cath- 
ode by positive ion and fast neutral atom impact ), 



The'theoretical spectrum of X— ray are calculated 
with calssical Bremsstrablung formula 10 : 



dN 
dE 



'-".if 



(^ 7+^x-E r /eV 0 ) 




i.e. neutron yields oc- 



1 



There are different y 



>(y+D' 

values for different materials, various configurations 
and surface conditions of cathodes. The 7 tends to a 
constant when the energy of impinging particles (D^ 
P2 , D, D + ) goes up.. Therefore, the ratios of the 
neutron yields for different cathodes at a fixed voltage 
are constants. In Fig.4, there are ratios of experimen- 
tal neutron yields for three sortsof electrodes to theo- 
retical neutron yields for a reference conditions taken 
from ref. 8, From Fig.4, we find that when U > 7 - 9 
KV, the ratios are roughly constants in 4 times 
order, but when U < 7 - 9 KV* the experimental re- 
sults are much greater than that of theories, the max- 
imum discrepancy reaches 10 2 flod. When U= 
1 1-15KV, there are small peaks which are very lower 
than those of low voltage, it is difficult to understand. 
We have regulated theoretical parameters but the 
considerable discrepancy at low voltage (5-7 KV) 
and small discrepany at 11-15KV couldn't be elimi- 
nated. We can draw a conclusion that there are 
anomalous neutrons at low voltages at least in D / M 
discharge systems. ^-'"V- *'t? 

It seems that the neutron yields depend on the " 



and empirical formula 



1.1 x 10 ZV{IV) 



Where E,, is energy of X-ray, Z is atom number of 
target metal, e is magnitude bf electron charge, 
V 0 and V are the maximum and virtual voltage in a 
period respectively. The glass wall and absorbing 
plates of Al, Cu etc. are concerned at the same time. 

In Fig.5, the experimental and theoretical spec- 
trum of air discharge at 1 1 .8 KV are shown, they are 
consistent very well. 

The Fig.6 shows the spectrum of D/Pd and 
air / Pd system under the glow discharge condition of 
8:0 KV voltage and 0.05cm thick absorbing plate 
(Cu). We can see that the spectra of air discharge is 
close to the background due to the thick absorbing 
plates, and the spectra of deuterium discharge is sim 
lar to the emission spectra of Bremsstrablung instead 
Vbf a spectra to 

^itlie m^ f /' Pd system are^n^d^at 

the ou^ide of the reaction bulb 
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Wien the reaction bulb and the detector are 
coaxial, we think the X-ray spectra of D / Pd system 
is close to the background due to the thick plate elec- 
trode absorbing, but there is still emission spectra and 



D/Pd system 

when the roD^ of the detector aims at the 

reaction b^ it. It seems that the emission 

'sp^M^^^pi^aM by the electromagnetic interfer- 

The : photons caused by neutrons are less than 
10 2 / sec under ^this condition by estimate but we have 
m^i^lab^-^ piLotx>ns /sec behind the shield 
of absorbing plates. It could not be interpreted by the 
classical theory . ; 

IV/CQNCEUSiON 



1. 2.45MeV neutrons are produced in D/M 
discharge system when the voltage is greater than 
2.7KV/ 

2. when the applied voltages are less than 7 to 9 KV, 
the neutron yields are much greater than the theo- 
retical;^ readies 10 a at 2.7 
KV. 

3- the anomalous X-rays have been -measured, they 
should be produced at the outside of the reaction 
bulb, it seems tb be secondary X-rays. 

4. the anomalous X— ray phenomena should be con- 
firmed farther in the future. 
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Fig. 1 Rccoii-proton spectra of D/ Ta, 7.1KV, 22mA 
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Fig.4. Ratios of experimental neutron yields for three kinds of electrodes to thco- 
retical neutron yields for a reference condition. . 
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POSSIBLE DEUTERIUM PRODUCTION FROM LIGHT WATER 
EXCESS ENTHALPY EXPEMlto USING NICKEL CATHODES 



Mitchell Swartz 
JET Energy Technology, Inc. 1 

ABSTRACT 

Nickel cathodes that produced excess enthalpy during the electrolysis of light water solutions were examined 
serveral weeks later (metacbronously) by electron emission spectroscopy. The absence of ah obvious significant 
emitting ash might be consistent with a short-lived product, loss of the product, self-absdption, or low signal to 
nQ^e, : o^ 

cither researchers* reported transmutation reactions through a portion of the parhway l^mg tn th* prrMjurtion 
of de novo deuterons. If deuterium is a product of these reactions then its production levels, the inevitable 
separation factors, and present detection thresholds pose a significant challenge for its unambiguous 
identification. 



INTRODUCTION - EXPLANATIONS NEEDED 

* •* ' 

The deuteron is rarely, if ever, considered a possible product of cold fusion systems/' Although examination of 
a large subset of the cold fusion literature (>840 abstracts [1]) revealed eighteen papers omcerning tritium or 
triton production [2-19], a similar search revealed none discussing deuterium or deuteron production. This 
absence exists even though a pathway to its production might also explain the excess heat [20-27] ?md reported 
transmutations P ,25,26,28-30]. There must be a reasonable explanation for the excess heat and transmutation 
reactions. In light water nickel cold fusion systems, even purported transmutated products do not appear to be 
proportional to the expected ash required for the observed excess enthalpy, the anomalous branching ratio 
remains as problematic as the excess heat, and the lack of a theoretical model has been a major cause of the knee- 
jerk dismissal of this scientific field. 

The coulomb barrier approach has been examined by many hypotheses but screening factors alone may not be 
sufficient to explain the observations, and thus the reaction pathway probably does not involve the classic 
collision of two particles. Several hypotheses exist including "shrunken" hydrogen [20], positron emission [31], 
and possible deuteron production [2]. In the case of helium produced from deuterium-loaded palladium, the 
Phuson theory [33] has been developed describing the multi-body reactions involving the loaded deuterons within 
the lattice of the fully loaded Group Vm transition metal electrode cathodically driven to -1 kilomolar electron 
density. La the Phuson theory, the phonon clusters distribute energy between the excited state and the ground 

Stale, thereby CTiTLServiTig mnmpnmrn within tht*. p allaHii iTn 

Because 0^ exist ajamilar theory for nickel, due to the excess heat obser^ aiui th^ 

electron emi^ibn in thes& xnetadiironous experiments, we elected to look nnjre dosefy 
produptioi^^ in these pheneraKoL This paper 

could yi^ explain the observed iransmut^ift Ttieh^otii^^ 
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energy may be transferred to the lattice through a phonon cloud (Phuson) as a non-bound virtual deuteron state 
collapses to the ground state configuration. 

BACKGROUND — DEUTERON STRUCTURE AND SEPARATION 

Chenricafly, tte their equilihrium constants; enabling the difficult separation 

of deuterium oxide from ordinary water (Table 1). Although hydrogen was isolated as a distinct substance in 
1766 by Gayeht^ deuterium was separated electrolytically in 1932 by Urey, Brickwedde and Murphy after its 
spectroscopic identification one year earlier. The actual situation is complicated because of tritium and the 
fractional species (e.g„ DTO). The fragile deuteron decomposes at temperatures cooler than our sun's core (~ 
million degrees Kelvin). So even though interstellar clouds and protostars contain deuterium (abundance D/H 
= ~X9 {47-0.5} iO 4 ) evolved stars have essentially none [34-36], Therefore, deuterium oxide (D 2 0), although 
ubiquitous (D/H = -lJ ICT 1 ) in situ within ordinary water, must be commercially refined and purified at 
considerable difficulty to obtain the several megaliters per year required for its use as a moderator for some 
nuclear reactors.; Hie difficulty in refining deuterium arises for several reasons. The separation of the deuterium 
is highly endbthennic, and most of the separation factors are small (Fig. 1). Deuterium is generally refined 
dectrolyticaUy 1^ in the free enexgies of fori^on of different 

hydrogen, nitrogen, or sulfer can5>bunds (e.g., ammcmiaiydrogen exchange and the Girdler-Sulfide system) [37] . 

In a deuteron;' the constituent neutron and proton have an exceptionally large internucleoa separation. The 
m^ort^ binding energy is only ~2 2 MeV in a well of about -40-50 MeV. \s a corollary, the 

deutam^ excited states [38,39L Since each nucleon has isospin +1/2, the deutero i has otal isospin 

ofdth^ O or l, and so there [40]^ Th^ deuteron groun4uuclear state 

is die triplet ^Sj state with the nuclear orbital angular momentum = 0, and the nuclear spins parallel. States with 
any nudear orbital angular momentum of >0 show no signs of binding. The actual structure, and energy, of the 
deuteron ground state results from its three form factors (electric monopole {charge}, magnetic dipole, and 
electric quadrupole moments). The magnetic moment of the deuteron (n D = 0.8574) is not exacdy the sum of 
its component parts (fi H and fi N ), and the slight difference - and the unusual electric quadrupole moment (Q = 
0282 e-fin 2 ) — are both consistent with a more complex mixture of nudear spin states in the deuteron ground 
state (suggested by Rarita and Schwinger) such as inclusion of some 3 D X state [41,42]. There is a virtual ('So) 
state located above the zero binding energy at +30 keV which has been confirmed by nudear photoeffects and 
other phenomena [43]. 



EXPERIMENTAL - ABSENCE OF METACHRONOUS BETA EMISSION 



Nickel cathodes produce excess enthalpy (heat) during electrolysis of light water solutions [27]. As a result of 
competing reactions [44-46], an optimum "notch" occurs in the power gain curve relative to input power [27]. 
Nickel electrodes were driven within their it-notch using ordinary water in combination with either platinum or 
gold anodes. We examined several electrodes that had demonstrated episodes of excess heat for their 
metachronous electron emission, at 12 to 24 weeks, using a modified Maestro-EEG system with solid state 
detector. fi& 2 shows the control, the baclq^ouiui, and the background subtracted fen the sample's emission 

the 

prcvio^ 
uninten^K^ 




and that emissons may have beea in the iansc of 15-25 fe.v ~~ ^ 

experimentally. Nonetheless, weconsidered thefetter p^ffiry 316 ^emay to reexamine this 



INTERPRCTATION - PQ^LE PATHWAY 



When thepossftfepam^inentioned above is considered, it is noted that it ™«*» a. 

and to other researchers' reported transmntation reactions : £3? f?* 6 '° ** CXCeSS heat 

^tamultisteppamwa^ 

(a virtual deuteron in Hght water with nickel, and^p^LddS^ ^if mtennediate state 

heavyw^^thpalladiomsystems). fZs^Z^&Z^^^^* 

^■M»-91g-«^ ^the 
^dectro! opportunity toreaci to an e^ to give a proton 

p + + e'-n 0 + v e 

Could there actually_be sufficient quantities of such mitative enh*n~~j * - , ■ ■ 

estimated 5 x 10 21 nickel atoms in the cafctX^ST ? hem f ral available? Of the 

yielding -004% ^tkuS^^^^^^f^^ ^ extend to a depth 

*°*^<^ This constirL 
theamountof protons available is alsolnlr^tf 

likelihood of only 0.000987 cxmtributing ^pot^ se^T toHT 18 a st *^ 

this would give -2 x 10" potential^Ll nl^l ^^t^rZlT ^ SkeS avaUabIe ' 
described below. -onions per second. This does exceed the required event rate 

simultaneous cooperative reaction invnivinoT , ™' ^ ground - state deuteron forms through a 
exritedvirfcaldeu^^ 

rally loaded material are trlSevek^f^ ^ s f^ and end afl such reactions. Only in the 
of mass ftaiiBH*ttfam£c at ^ -^^^^^-'■^'»-*»'«"™^»-»«tT|^-Waifi7?*liT - 
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Assuming a distribution of phonon energies in the range of -3^50 eV» tiiere would be 2.8-7.3 x 10 7 phonons in 
the phuson cluster (the cooperative phonon group linked to the excited state). Thus, this would require the 
invplveriient of about 5-44 million lattice sites, and therefore about -170-350 lattice sites in any direction radial 
from the prune reaction site. Now, any putative deuteronproducti^ energy on the -1 -2 MeV scale at 

a single location, but with a possibility for spreading the ^ among these lattice sites that can be 

coupled during the deexritation time of D*. The interim radius [r DE l is determined by the speed of light, c, 
so the number of lattice cells involved in a single event -*ooq>ied through the Phuson deexcitation pathway, 
assuming isotropicity, is 

The uncertainty principle can estimate the lifetime based upon the "energy bandwidth" of the energy involved. 
For the excited state of deuterium located at +30 keV, the energy width of the virtual state must be on the order 
of a fraction of that, which would be consistent with an adequate lifetime of the excited state. The ensemble of 
phontm^TmtlR^ to account for energy transfer to the 

lattice during the deexcitation D* . 

LIMITS OF DEUTERON DETECTION 

Several experiments are suggested based upon the Phuson theory. First, if deuterium is an ash, and if there are 
no secondary reactions (e.g., to convert ^ there will be an ultimate limit 

to the amount of energy which can be obtained by loading-nickel with a fixed volume of light water. Per mole 
of hydrogen converted (in ~9 cubic centimeters of ordinary water) this would theoretically generate a maximum 
energy of ~10 u joules. Second, if the putative thermal neutron production does occur, then there is a maximum 
excess rate of heat production available based upon that factor, too. This would limit the rate of generation of 
the desired product The observed 71-notches could be consistent with this. 

Third, the rate of generation of de novo deuterium pa* megajoule, if any, is miniscule and would create only a few 
percentage change in a background of ordinary water (Fig. 4). Such small production levels, and the inevitable 
separation factors (Fig. 1) refining further possibly already present deuterium, together pose significant 
challenges for the unambiguous identification of deuterium. Reexamination of vibrational spectroscopic data [48] 
(Kg. 5) indi c ates that small amounts ofdeuteron production remain below the present selectivity and sensitivity 
of the system. However, other spectroscopies that may offer potential for in situ examination include infrared 
absorption analysis, neutron reflectometry and, nuclear resonance broadening (NRB) and elastic-recoil-detection- 
analytic (ERDA) techniques. Some techniques penetrate subsurface structures to examine the magnetic 
properties of, and the impact of nonequivalent occupied sites within, the hydrided metal. 

Fourth, if Phusons are involved, then given the requirement for sufficient lattice recruitment, any observed 
isotopic changes in transmutation systems may occur in greatest amounts below the lattice surface, and at depths 
which are the order of the interaction radius. Fifth, if the putative thermal neutron pathway exists, then there may 
also be the potential for nickel (and other elements) to be transmutated to higher isotopes of the same element 
with the unstable isott^es be^ stable isota^s^f topper and cobalt 
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Fig. 1 . Common Separation Factors for Deuterium Production 

This Figure shows the separation factors for refining deuterium from ordinary water. The values range from a maximum 
for electrolysis to those values characteristic of evaporation or centrifugation. 
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Table I 







/ Proton;^.':/. 


'.;;':i;^D6i^roni'I;\'.- : '. 


Triton i <| 




^ 1.d078 r 


2.0142 


3.0160 | 


Electric: mbhopble cHkrge 


1+ 


1+ 


1+ 


Magnetic dipble moment 


2.7928 


0.8574 


2.9789 


Electric quadrlipole moment (nuclear magnetons) 


0 


0.282 e-fm 2 


0 


Isospin (parity) J 


1/2+ 


1+ 


1/2+ 


Binding energy 


0 


2^24 Me V 


6.461 MeV 


Lifetime ; 


stable 


stable, fragile 


12.3y 


Decomposition product 


not applicable 


not applicable 


18.59 JkeV beta 










Diatomic gas 


Hydrogen 


Deuterium 


Tritium 


Molar volume of solid cm 3 


28.3 


23.5 




Triple Roirtttdeg K) 


13.92 K - 13.96 K 


18.58 K- 18-72 K 


20.6 K 


Heat of vaporization at triple point Joules/mole 


910.9 


1268.2 




Meltirig^biht (deg K) 


13.95 


18.65 




Boiling point (deg K) 


20.38 - 20.4 


23.5 




Latent heat of fusion (melt) Joules/mole 


117.2 


197-217 




Heiat of dissociation; % KJoules/mole 


437.5 


439.2 












Water (ignores HDO, HTO, etc.) 


H,0 




T,0 


Background concentration 


1 


0.000156 


'* 1/1 0 17 


Molecular weight (C 12 scaje) 


18.015 


20.028 




Surface tension (20C) 


72.75 dynes/cm 


67.8 dynes/cm 




Temperature of Maximum density 


3.98C 


1 1.23-1 1.6 C 




Dielectric constant (25 C) 


78.54 


78.25 




Absolute viscosity (20 C) 


10.09 miliipoises 


12.6 miliipoises 




Melting point (degC) 


P 


3.82 




Boiling point (deg C) 


100.00 


101.42 




Specific gravity (20=deg C) 


0.9982 


1.106 




Heat of fusion Joules/mole 


6008.2 


6317.8 




Heat of vaporization Joules/mole 


43,840 


44,936 




Solubility NaCI (25 C) gms/100 g 


35.9 


30.9 




Autopyrolysis constant [D 3 0+] {OH-] 25 C 


1.00 10* 14 


3.0010' 15 


■ 


PH 


7.00 


7.26 




Cost 


rain, snow 


1$/L(gas) 
$100-$1000/L(liq) 


- $30 K/gm 


World production 




-1-310 e L/year 


<10 2 Ci/yr , 


World capacity 




10 13 tons on surface 
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Fig. 3. Metachronous Emission of Nickel Cathodes 

This Rgure shows Emission Spectrograms of a conttol, of the background, and of a nickel cathode which had previously 
dn^^ excess heat (r52 : kojoules, 035 cm 3 , 28 enf, 15 weeks prior to ocanrination). 
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A) Background including a superimposed additional 
control containing a cobalt-60 source. Spectroscopy 
shows detected emitted ionizing radiation as a function 
of energy from about -5 fceV to 1-5 MeV. Several 
representative peaks, including the two characteristic 
cobalt-60 megavoltage y -emissions, are labeled. 

B) Background of laboratory, free of additional 
sources, as a control prior to the addition of excess 
enthalpic sample. 

Q Metachronous Emission Spectrum of ; nickel 
electrode previously demonstrating excess enthalpy 
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Energy (MeV) 





Swartz 



77 



Energy 



orbital momentum >0 



1 



Hon bonding 



proton and neutron 




l So-D* 



1 



Bonding 




Phuson 



v 



Fig. 3. Spin Manifolds of the Deuteron 

This Egure shows the pathway leading to possible deuterium production. It does not include the preceeding generation of 
the neutron as discussed in the text Shown are three of the "states" available to an interacting proton and neutron. The 
vertical axis is energy and is not quantitative. If there is anynuclear orbital angular momentum then the non-binding "state" 
on the upper left is not achieved for reasons discussed in the text. If the nuclear orbital angular momentum is zero, the 
manifcld on the right can be entered The singlet state above the axis (-30 keV) is a virtual state observed in incident beam 
studies. The state on the bottom right is the well-known ground state of the deuteron, which is mainly a 3 S 1 state. The 
hypothesis is that there may be leakage from the virtual state to the ground state with Phuson coupling to the solid hydrided 
lattice cathodically loaded with electrons. 
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fig. 4 Putative Production Rates of Deuterium Would Present Detection Challenges 

This Figure shows the quantity of deuterium present in, or generated de novo in, water as a function of excess energy. The 
three rising curves show the amount of expected deuteron ash which would be produced if that reaction did occur and did 
only account for the observed excess heaL Each curve represents a different derived energy for each single event nuclear 
reaction. The event (binding) energy of 21 MeV does not hold for deuterium, but is representative of what occurs for other 
final states such as helium Q,. of 23 is what might be expected for the binding energy of the deuteron. The curve 
representing "Q T " of 1.4 (thick diagonal line) is derived from die calculations which correct for momentum transfer to the 
Phuson cluster (see text). Also shown for comparison is the quantity of deuterons contained in a liter of light, and heavy, 
water. 
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Fig. 5. Vibration Spectroscopy of Nickel Cathode 

This figure shows a Vibration Spectrogram of a loaded nickel cathode. The cathode (Sample 92-505b/Ni-B2) 
surrounded with 20 ml of ordinary water, during its electrical polarization with a platinum anode, is struck with a single 
mechanical pulse at t = 0. The vibrational modes of the electrode, and their damping, can be used to determine loading, 
but because of separation issues may be insensitive to any putative deuteron production Two recorders were used to 
pickup the data (top and inset), and die fast fourier transform is also shown as a frequency versus time plot The solid 
barthree-quartersqfthewayupthec^ 1 7,39c)*" 53 The lowest evanescent normal mode, the most 

irregular of the group, is believed tobea circular mode around the relatively large annular electrode. The sampling rate 
was~100kHertz. 
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A. SUMMARY OF THE SECOND LOW ENERGY 
NUCLEAR REACTIONS CONFERENCE 

By Hal Fox 

Fifty scientists, engineers, 2nd interested business leaders 
attended the Second Confer nee on Low-Energy Nuclear 
Reactions./ This important conference was held at the 
Holiday Inn, College Static Texas on September 13-14, 
1996. The conference was not held on the campus of 
Texas A&M because 12 out of 12 members of the 
Department of Chemistry voted no to the request by 
Distinguished Professor of Chemistry, John O'M. Bockris 
to hold the meeting on campus. The vote was an example 
of a democratic process. The choice was an example of 
pathological skepticism. 

Papers presented in all conferences range in importance, 
however, this conference must be considered as being of 
special importance because the issue of low-energy 
transmutation was directly addressed with reports of 
several new sets of experimental data from prestigious 
scientists. Here are some examples: 

George Miley presented "Nuclear Reactions in Palladium- 
Hydrogen System." This paper is especially : ni^ortant 
because it is the first paper to explore the nudear ieaptipns 
occurring in the thin-film layers of nicfel-pallau&Hn ^g^l 
coated on small beads. This wc& was inip^ 
(Clean Energy Technologies, Inc.). ■ \\.^'f::y^\ ' ! 

Mitchell Swartz presented an excellent 
cold fusion work using light water and nickel cdk- ^vvartz 
made an excellent point about psing data from the noise 
level when making claims for excess heaL : Swartz also 
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indicated that all of his data is conservative because it does 
not subtract for the power consumed in electrolyzing the 
water. Swartz reported three to Six times as much energy 
out as input into^ the cells. It appears that Swartz has 
accomplished some of the most effective work with the 
nickel-light water cold fusion. Swartz has not observed 
elemental changes. 

Kenneth Shoulders presented an excellent paper on the 
possible effects of high-density charge clusters in promoting 

lXUwlW«A* AVUVUVAM) 1UU1VW* lUVUVAA). WUV\UUVlt> AMU) VAUUUUWO 

a variety of cathodes used in cold fusion work and has 
found evidence for numerous metal lattice damage sites 
caused not just by the strike of a high-density charge cluster 
(EVs) but apparently from nuclear effects caused by the 
highly-energetic EVs- Ta Shoulders, with his familiarity 
with EVs, the nuclear results are clearly evident Shoulders 
has labeled such high-density charge clusters as NEVs or 
nuclear electrum vaUdums. He suggests that the primary 
cause of nuclear reactions in cold fusion occurs by creating 
a brittle metal by hydrogen loading, causing cracks which 
produce EVs, and the energetic EVs cause nuclear 
reactions. Ken presented SIMs-analysis of typical EV- 
reaction spots to show that the palladium had been 
transmuted into other elements. The concepts presented by 
Shoulders were not readily appreciated, as shown by a vote 
of two out of about fifty who thought that this process was 
an explanation of heat production in cold fusion cells. We 
believe that the number of believers will increase as they 
further examine their cathodes. However, no one is saying 
that this is the only source of excess heat in cold fusion 
reactions. 

The first-ever paper on the Neal-Gleeson Process was 
presented This was not a scientific paper in the sense that 
a full disclosure of the process was not made. Howeyer, it 
was announced that third-party verification was being 
planned for the near future. Frojn the preliminary data 
(taken from over 100 experiments) it was suggested that 
radioactivity could be reduced fifty percent or more in a 
one-pass operation taking only one to four hours. The 
paper strongly suggests that if replicated by noted 
scientists this process has great potential for ameliorating 
radioactive slumes, such as the 66 million gallons stored in 
over 170"^ at the Hanf ord Site, Washington. (Note: 
The inventors are Rod Neal and v Stan Gleesqn who have 
been previously referred to as "the Cincinnati Group".)" 

John Dash (Portland State University) presented a paper 
extending his successes with heavy water and palladium to 
include the use of titanium electrodes. With each 
successMle^ there are 



shown to be low-energy nuclear reactions involved. His 
procedures are sufficiently reproducible that he brings in 
quality high-school students each summer to get them 
involved in this new technology of cold fusion. John Dash 
has offered to share his procedures with anyone that is 
interested. 

T. Mizuno (Hokkaido Univ.); Z. Minevski (Lynntech); Russ 
George (E-Quest Sciences); Guang Lin (Texas A&M); R. 
Monti & E. Bauer (Burns Development); G. Rabzi 
(Ukrainian Int'l Academy of Original Ideas); Thcinas 
Claytor (LANL); and T. Ohmori (Univ. of Hokkaido) all 
presented additional data on transmutation in their papers/ 

In summary: Drs. Bockris and Lin of Texas A&M 
University should be congratulated for a successful and 
important conference. All authors were asked to provide 
copies of their papers immediately after the conference so 
that these important papers can be published in the 
Proceedings immediately. We have already received 13 of 
the 21 papers presented. These papers wiU be published 
as Volume 1, Number 3, of the Journal of New Energy. 

We are pleased to announce that articles published in the 
Journal of New Energy wiff' be abstracted in Chemical 
Abstracts, Engineering Index Monthly, and Metal Abstracts. 
Scientists, engineers, and students world-wide will have 
access to the excellent papers given at this important 
conference. The same staff that publishes this newsletter 
also publish the Journal of New Energy. The same policy 
of rapid communication is a constant goal of : tfciis 
organization. To keep current on the latest developments 
in this exciting new science, you will want to subscribe to 
this new journal. 



CONFERENCE VIDEOS 

A set of six (6) video tapes, recording the scientific 
presentations at the second International Low 
Energy Nuclear Reaction Conference (College 
Station, Texas, September 13-14, 1996) is available 
now. The tape format is standard VHS. Price: US 
$100 for U.S. and Canada, US $120 for other 
foreign. Price includes shipping. Send check or v; 
money order to: Guang IJnvDept ChemiStiyi™ ^ ■ 
Texas A&M University, College Station, TX 
77843 for ordering; Please contact Guang Lin at : 
409-845-3661 for details. 
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THE SECOND INTERNATIONAL ^ 

NUCLEAR REA^ •> 

Abstracts of Presented Papers 

(received by jxess time) 

Basic Experimental Studies Sessions 

Tadahiko Mizuno (DepL of Nuclear Big., Hokkaido Univ., 
Japan), Tadayoshi Ohmori (Catalysis Res. Cntr., Hokkaido 
Univ., Japan), Michio Enyo (Hakodate NatL College of 
Tech., Japan), "Isotopic Changes of the Reaction 
Products Induced by Cathodic Electrolysis in Pd." 

AUTHORS' ABSTRACT 



It was confirmed by several analytic methods that reaction 
products with mass number ranging from 6 to 220 are 
deposited on palladium cathodes subjected to electrolysis in 
a heavy water solution at high pressure, high temperature, 
and high current density for one month. These masses were 
composed of many elements ranging from hydrogen to lead. 
Isotopic distributioi ? for the produced elements were 
radically different fn >m the natural ones. 



S. Szpak and P. A. Mosier-Boss (Naval Command, Control 
and Ocean Surveillance Center RDT & E Division, San 
Diego, CA), "Nuclear and Thermal Events Associated 
with Pd + D Codeposition." 

AUTHORS' ABSTRACT 

In (he Pd + D codeposition process, palladium is 
electrodeposited in the presence of evolving deuterium. 
This process favors the initiation and propagation of nuclear 
and (hernial events through a rapid absorption of deuterium 
to yield high D/Pd atomic ratios. This process results in the 
formation of non-equilibrium electrode structures that 
become the seat for localized gradients. Evidence for 
tritium production, X-ray emanation and generation of 
localized heat sources, with emphasis on experimental 
methodology, is provided. The active role of the 
electrode/electrolyte interphase in the development of these 
events is examined. . ^ ; ^ - : : 



Mitchell Swartz (JET Energy- Technology, ^ 
MA), "Deuterium Production and 1^ 
Enthalpy Experiment^ 



AUTHOR'S ABSTRACT . 

Select nickel cathodes can produce excess enthalpy (heat 
during the electrolysis of light water solutions: : i A tnulti 
body reaction involving, two^rotons wiihin tl»latti^^ th< 
fully loaded Group Vin transition metal cathod^y^ei 
to a -1 kilmolar electron density, is proposed to dccbuiit fo 
the excess heat by the production of deuterons. Th 
reactions occur through an intermediate excited nuclea 
state of a deuteron formed (D + ), which then de-excites wit 
(he generation of a cloud of phonons. The excess heat i 
driven by (he reconfiguration of the intermediate state to th 
more tightly bound deuteron ground state. 

The phonons are linked to the de-excitation (a Phonon) an. 
are. critical ; both. because they enable a pathway-pranittin; 
further penetration of the coulomb barrier and also becaus 
they focus energy and interstitial into optical sites, thereh 
creating feedback mechanisms which can further fuel th 
desired reactions. The observed temperature rise occurs s 
disequilibrium as the well-mixed acoustical and optics 
phonons are unable to cany off all the local momentum an» 
excess energy of the reactions. Special rehiivisti 
considerations vindicate the phonon cloud in nickel subtend 
-200 unit cells. Four-vector analysis indicates that thes 
hypothesized reactions are consistent with conservation c 
energy. 



Robert Bass, Rod Neal, Stan Gleeson, & Hal Fox 
"Electro-Nuclear Transmutations: Low-Energy Nuclea 
Reactions in an Electrolytic Cell." 

AUTHORS' ABSTRACT 

A special electrolytic cell and power supply have bee 
designed to promote low-energy nuclear reaction 
(electro-nuclear transmutations). Using electrical powc 
ranging up to 1,000 watts, it has been experimental! 
determined that various high-mass patent elements can t 
fissioned into somewhat equal daughter products. Th 
experimental evidence for nuclear reactions is b^ed on ft 
difference between input samples and processed sjumples < 
determined by commercial mass-spectrometer: -i®iysis 
by gamma-ray emissu^specfroscx^ 

Alttiou^fotter new deimente 

fission elements appear to be mass b^SBMSa^^^ ^ l 



the cqnsOT^on of the initial ele*^^ 
For eranp^ famgsten can be JQsat«Q^^^™^^ 
]ft^ : Basim fissioned '^^^ 
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fissioned with a few hours of processing time. Further 
develppmieat work is planned, especially for application to 
the stabilization of radioactive slurries. It is important that 
these preliminary results be independently replicated and 
: verified, v ^ - . 



David J. Nagel (Naval Res. Lab., Washington,. DC), "Cold 
Fusion Experiments, Theory, & Management at the 
Naval Research Laboratory." 

AUTHOR'S ABSTRACT 

As a matter of responsibility to the public, which ultimately 
funds it, the Naval Research Laboratory has actively 
- conducted-and monitored attempts to make "cold fusion" 
phenomena reproducible and understandable. This 
presentation will survey these activities. 

Experiments: -We performed six different experiments, 
either new or copies of others, explicitly aimed at "cold 
fusion' and related phenomena. These will be summarized 
and some views of others reported "cold* fusion" 
experiments will be presented. 

Theories: NRL and associated scientists have published 
theoretical work on two "cold fusion" motivated studies, 
namely ion band states and phondn-driven hydrogen isotope 
diffusion. A broad review of "cold fusion" theories is now 
underway, 

Management: Numerous presentations have been made by 
the author to government agencies and other groups to 
provide information and stimulate programs, These, include 
the OSTP, DARPA, DSWA, (ex-DNA), ONR, IDA, and the 
Philosophical Society of Washington. Results of these 
interactions will be summarized briefly. 



T.N. Claytor, M.J. Schwab and D.G. Tuggle (Los Alamos 
Nad. Lab., Los Alamos, NM), "Tritium Production from 
Palladium and Palladium Alloys." 

AUTHORS' ABSTRACT 

A number (22) of pure palladium samples and palladium 
aUo^liavb "been loaded; with "a detiteritiffi ^ : 
plasma is a system that allows the instantaneous 
meastiran^ 

pressure plasma conditions, the plasma ca&be cohistraui^d 
'to surfaces 



is an integration of the tritium and this, coupled with the 
high intrinsic sensitivity of the system (-0.1 nCi/1), enables 
the significance of the tritium measurement to be many 
sigma (>10). In addition to the real time tritium 
measurement, the deuterium gas can be ^combined with 
oxygen, at the end of a run, resulting in water samples that 
were counted in a scintillation counter. The results of these 
confirmatory measurement of the tritium in these water 
samples agree quantitatively with the decrease in tritium as 
measured by the ion sensor. However^ surprising 
concentrations (up to 1.5 X 10 6 dpm/ml) of tritium were 
found in several samples that had been exposed to a 
hydride inhibitor. We- have continued to investigate the 
effects of hydrogen additions on the output of tritium in 
these types of experiments and find that hydrogen additions 
always suppress tritium production. .We will show ■ the 
difference in tritium generation rates between batches of 
annealed palladium, as .received palladium and the 
palladium alloys (Cu, Ni, Be, Li, Hf, Hg and Fe) of various 
concentrations to illustrate that tritium .generation rate can 
vary greatly from alloy to alloy as well as within a specific 
alloy, dependent on concentration. Other metals (PL Hf, 
Ni, Nb, Ta, V, W, Zr) have also been run in the system as 
background' samples or to determine if tritium could be 
detected in the gas analysis^system. In nearly all cases they 
have produced results very close to background drift rates. 



T. Ohmori (Catalysis Res. Cntr., Hokkaido Univ., Sapporo, 
Japan), T. Mizuno (Faculty of Eng., Hokkaido Univ., 
Sapporo, Japan) and M. Enyo (Hakodate Nad. College of 
Tech., Hakodate, Japan), "Isotopic Distributions of Heavy 
Metal Elements Produced During the Light Water 
Electrolysis on Gold Electrode." 

AUTHORS* ABSTRACT 

Some 100 n g of fine black porous deposits comprising 
mainly of Au, Hg, Pt, Fe, Si and F were obtained during 
the cathodic electrolysis on Au electrodes in 0.5 M Na^C^ 
and Na2C0 3 light water solutions for 20-30 days at a 
current densities >300 mA/cm?. The isotopic distributions 
of these elements other than Au, Pt and F determined by 
SIMS analysis, were found to deviate from their natural 
isotopic abundance; The structure of Au J ^ 
after the electrolysis revealed very unusual^aspects.^ 



Thoretical Models Session 




Yeong E. Kim and Alexander L. Zubarev (Deptjpf itoys 
lg£urdue^ 



-~- -_^t ^.-, - _ ^ ...... 
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: r^id^^^;^i9K: , t Gampw^;^^ -In ^ ; M^. : Caii dC?^T., : Paris, . France), "Natural Nuclear 

a Lot£^^ ^ / v s^t&esis of ^erhes^'-jEaements (SHE)." c 



AUTHORS' ABSTRACT : ^ ^ 

M dii recent paper [1], we &di^ 
cancellation (GFC) can occur for nuclear fusion reactions if 
the imaginary pari of the effective nuclear interaction in the 
elastic channel (ENIEC) has a small component of a finite 
long-range interaction (FLRI), but we could not prove nor 
rule out theoretically the existence of such a FLRI 
component , in the imaginary part of ENIEC. In another 
recent paper [2], we demonstrated (without a rigorous 
derivation) a possibility of the existence of FLRI 
components if the target nucleus has a weakly bound 
excited state ("halo" nuclear state). Most recently, we have 
succeeded to derive rigorously a new type of FLRI 
interaction in the imaginary part of ENIEC for the case in 
which one of the final-state nuclei has an excited halo 
nuclear state [3]. -We have obtained a separable form factor 
for the imaginary part of ENIEC which at large distances 
behaves as. cos(k a r - r\ln2k 0 r + S^frj/r 4 , where k Q , n, 8, 
and § n (r) are the final state~wave number,, the Souamerfeld 
parameter, the phase shift, and the wave function for the 
excited p-wave halo nuclear state, respectively. Conse- 
quences and implications of our results for the cold fusion 
phenomena are described. GFC due to effects of excited 
halo nuclear state for low-energy radiative nuclear fusion- 
reactions arb also described using a three-body formulation 
[4]. 

[1] Y.E. Kim and AX. Zubarev, Nuovo Cimento, vol 108A, 
pg 1009-1025 (1995). 

[2] Y.E. Kim and AX. Zubarev, Genshikaku Kenkyu, vol 
40, no 5, (1995), pp. 27-36. 

[3] Y.E. Kim and AX. Zubarev, "Excited Halo Nuclear 
State and Long Range Interaction in Nuclear Reactions," to 
be published in Physical Review C. (Oct 1996) 

[4] Y.E. Kim and A.L Zubarev, "Low-Energy Radiative 
Nuclear Reactions Involving Weakly Bound States," 
submitted to Fusion Technology: 



AUTHOR'S ABSTRACT 

As sobn as nuclear saeatists became convinced t&t seine 
superheavy elements (SHE) could exist with atomic 
numbers around 1 14 and 126, numerous attempts have been 
made to detect them in natural samples and to synthesize 
them in heavy ion accelerators. No positive -results have 
been obtained until now since no element higher than 101 
have been isolated for chemical study. 

A new direction to the research of SHE is taken. The 
source of the present work is old alchemy as described in 
. pldr^reatises- written prior -to 1850. It appears-thatthe-key.. 
material used by -alchemists was pitchblende. The 
hypothesis that SHEs could be peculiar elements but only 
stable in the form or fluorides is discussed. . 

The mechanism conducive to the production of SHE, in a 
chemical medium is studied. The main point is that SHE 
are necessarily produced via soft fusion, a synergist : of 
exoenergetic ' nuclear reactions (proton absorption) imd 
endoenergetic nuclear reactions (light element fusion) — a 
mechanism that allows the creation of macroscopic amount 
of SHE fluoride under mild conditions. 

The nuclear reactivity of natural mixtures containing 
uranium and light elements is described. A 1986 
experiment showed an unexpected nuclear activity 
characterized by very intense neutron bursts. The 1996 
experiment shows increases of gamma activity upon heating 
and the production of a peak around 50 KeV. 



Shang-Xian Jin and Hal Fox (Fusion Information Cntr., 
Inc., Salt Lake City, Utah), "Possible Palladium-Related 
Nuclear Reactions." 

— AUTHQRS1-AB STRACT — , - 

The recent discoveries by Bockris and MinOT^^a^|y 
Mizuno et aL of apparent numerous ;low$ 
nuclear leactions 1^ ; 
vjnaki^ 

■ iincIefrlreactiOT be p^^ryed; ; 

possMe imclear 
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Innovative Approaches Session 

G.H. Lin and J. O'M. Bockris (Dept. of ChenLy Texas 
A&M Univ. TX), "Anomalous Radioactivity JUfri 
Unexpected Elements as a Result of Heating Inorganic 
Mixtures." 

AUTHORS' ABSTRACT 

This paper reports on anomalous radioactivity and 
unexpected elements observed in 1992 at the Texas A&M 
University as a result of igniting a mixture of inorganic 
compounds. The details of the experiments and the analysis 
in our laboratory and other private laboratories are 
presented. — 



T. Grotz (Wireless Engineering, Inc., Craig, CO) 
"Investigation of Reports of the Synthesis of Iron via 
Arc Discharge through Carbon Compounds." 

AUTHOR'S ABSTRACT 

Recent research has investigated the transformation of 
carbon to iron under certain experimental conditions. 
Reports by Pulver and Oshawa of iron formation in carbon 
by exposure to an electric arc are the subject of this report. 
Iron formation was originally proposed as a result of the 
reaction of carbon and oxygen to form silicon, then nickel 
and finally iron as follows; 



2 6 C 12 + 2 8 0 16 -> 2 w Si : 



;28 



28- 



Nr 



58 



26 



Fe 



>56 



Particles of magnetic material attracted to a magnet were 
given as proof of a transformation. Duplication of this 
experiment under more controlled conditions with analysis 
of the iron content of the of the carbon sample before 
exposure to an electric arc discharge lead to the conclusion 
that the iron found in the sample may be due to other 
factors than originally proposed. 



Ken Shoulders and Steve Shoulders: ; (Bodega, ' CA), 
"Observations on the Role of Charge Clusters in Nuclear 
Cluster Reactions." ' ■■: -O-^^i: ^.-J^^-.-- 



AUTHORS* ABSTRACT 



Deuterium-loaded palladium 
electrolytic and ultrasonic 
mii^o-ah^ 



foils v produced 



^byJ>ott 



strike marks of charge clusters, known as EVs, have been 
found to occur concurrently with nuclear reactions in 
micrometer-sized areas. In the electrolytic case/ the 
reaction is attributed to charge clusters generated from 
mechanical energy, first stored and then suddenly released, 
from a brittle metal lattice through the mechanism of 
fracto-emission of electrons. For the acoustic case, EVs are 
generated by charge separation in a collapsing bubble. 
When areas previously free of low energy nuclear reactions 
are bombarded in either vacuum or air by externally 
generated charge clusters, nuclear reactions are produced at 
the bombardment site. Charge clusters are considered to 
function as a collective accelerator capable of injecting a 
large group of nuclei into a target with sufficient energy 
density to promote the nuclear cluster reactions observed. 



Roberto A. Monti, "Low Energy Nuclear Reactions: 
Experimental Evidence for the Alpha Extended Model 
of the Atom." 

AUTHOR'S SUMMARY 

An up to date list of experimental tests constituting, in my 
opinion, a good validation tot the alpha-extended model of 
the atom, is presented. 




A. Michrowski (President, P.A.C.E., Inc., Canada), 
"Advanced Transmutation Processes and Their 
Application for the Decontamination of Radioactive 
Nuclear Wastes." 

AUTHOR'S ABSTRACT 

There are deviations to the standard model of radioactive 
atomic nuclei decay reported in the literature. These 
include persistent effects of chemical states and physical 
environment and the natural, low-energy transmutation 
phenomena : associated with the vegetation processes of 
plants. The theory of neutral currents is prqpc«ed._by 
Nobelist O. Costa de Beauregard, to account ^fqr j^the 
observed natural transmutations, also known as the;Keryran 
reaction. "Cold fusion" researchers have :jdsi>^ 
t: anomalies in the formation of new elenraiti£^^ 
VThis-b^ provides, the ^c^e^^fee 

Jpbsi^ successful, aiid developed advaiceil tra^fflp|cSi 
: processes for the disposal of nuclear waste dte^l^i ^ 
:V YuT;Brpw^ a gas, developed by fiff?^^r a 

X : ; stoidhiorxietiic mixture of ionic hydrogen and if^g^ys^ 11 
L0^^^pKiSsed up to 100 psL Another nmcedn^Stiir m 
^ge^iiinvolyes: the envh 
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2-20-23 Takanawa ., -. 
MinatoJcii Tokyo 108 JAPAN 
? Tel: +81 (0)3-3442-7521 
Fax: +81(0)3-3442-7651 

For academic inf onnaSon contact 
Dr. Shiuji Inomata 

2-2-2 Sekigawa-cho 

Arai-shi 

Niigata 944, JAPAN 
Tel/Fax: +81(0)255-72-0558 



ICCF6 

Sixth International Conference on Cold Fusion 
wm beheld 13^17 October 1996 
Hotel Apex Toya t Hokkaido, Japan 
Conference Secretariat: 
Tel +81-3-3508-8901 
. Fax +81-3-3508-8902 
E-mail mac @iae.orjp 

The confere ice will consist of both oral and poster sessions 
covering exoerimentaT work and theory on the following 
topics: " . 

■ Excess Energy Phenomena in D^etal Systems 

■ Correlation Between Excess Energy and Nuclear Products 
b Nuclear Physics Approaches 

■ Material Science Studies 

■ Innovative Approaches (Miscellaneous Phenomena) 

Registration fee of ¥40,000 (about $400) includes a banquet 
and proceedings. A technical tour to the NHE lab is 
scheduled on Oct 18, along with other professional and 
social events. 



History shows us that science progress 
permanently has been -retarded by4ke^- — - - ' - 
overbearing influences ' favoring parties 
concepts and impelling their acceptance as 
dogma: Thus f ithas become necessary from 
time to time io fehtrnt&fa 
may beusedwi^ 



Commercial Column 



The following companies (listed alphabetically) are 
commercializing cold fusion or other enhanced energy 
devices: 

COMPANY: PRODUCT . ~ 

American Pure Fusion Engineering and Supply: information 
and troubleshooting for the fusion research and development 
industry. Developing "Fullerene Fusion Fuel™." Salem, 
Oregon. The president, Warren Cooley, can be reached at 1- 
800-789-7109 or 503-585-6746. Email to: Coolwar@aol.com 

CETI (Clean Energy Technologies, Inc.): Developers of the 
Patterson Power Cell™. Dallas, Texas. Voice 214-982-8340, 
FAX 214-982-8349. 

Clustron Sciences Corp.: New energy research consulting and 
information. Contact Ron Brightsen, 703-476-8731. 

ENECO: Portfolio, of intellectual property including over thirty 
patents issued or pending in cold nuciear^fusion and other 
enhanced energy devices. Safti-ake City, Utah. Contact Fred 
Jaeger, Voice 801 -583-2000, Fax 801 -583-6245. 

E-Quest Sciences: Exploring The Micro-Fusion™ process. 
Seeking qualified research partners for their sonoluminesence 
program. Contact Russ George, FAX 415-851-8489. 

Fusion Information Center (F1C): Research and development 
of new energy systems. The world's most complete resource 
depository for cold fusion research information, as well as other 
new energy research including zero-point energy; space energy 
research; electronic, electromagnetic, and mechanical over unity 
devices and more. We are the publishers for Fusion Facts, New 
Energy News, and the Journal of New Energy. Voice 801-583- 
6232, Fax 801-583-2963. 

Holotec AG: Clean Energy Technology, contact Andre Waser, 
Gen. Mgr., Bireggstrasse 14, CH-6003, Luzem, Switzerland. 
Phone 011 41-41 360 4485, or Fax 011 41-41 360 4486. 

Hydro Dynamics, inc.: Hydrosonic Pump, heat-producing 
systems using electrical input with thermal efficiencies of i IP to 
125 percent. Rome, Georgia. Contact James "Griggs, .Voice 
706-234-4111 Fax 706-234^702. _ 

■ - "■' - ..." ■:' - '.- ' : y: ^^i^^''^^^'^ ■ 

JET Energy Technology, Inc.: Desiga.an.tf: rrar^^feP; ^ 
. electrode systems, i^brimeters, and^to^ 
" > systems^ Consulting regarding rad 

scientific and engineering issues;? kWestohi^ 
Mitchell Swartz, Voice 617-237-3625. Fax. 61 7-i237-3625. 

and Applied Plasma Phyy^^lM 

' — ' ^^^^^^^^ ' 
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Applications under development include pronto pb^ 
eiectric vehicles and autonomous housing. Licensing. Ontario, 
Canada. Contact Dr. Paulo N. Correa. Jel 905-660-1040 
Fax 905-738-8427 

Magnetic Power Inc.: Supermagnets and supermotors; Solid- 
state, heat to electric transducers, for temperatures up to 300°F 
(cold fusion, waste heat, etc.). Featuring Ultracpnductors 1 " 1 
under development by ROOTS, a subsidiary. Sebastapoi, CA. 
Contact Mark Goldes, voice 707-829-9391, Fax 707-829-1002. 

Nova Resources Group, Inc.: Design and manufacture ETC 
(Electrolytic Thermal Cell); EG (commercial power cogeneration 
module); and IE (integrated electrolytic system). Denver, CO. 
Call Chip Ransford, Phone 303-433-5582 

UV Enhanced Ultrasound: Cold Fusion Principle being used 
for an ultrasonic water purifier. Hong Kong. FAX 852-2338- 
3057. ■ /' " : ' ' ~rr; : :-vv:;:;. "~ 

■YUSWIAR*- Scientific-Commercial Company: manufacture, 
licensing, research and development of water-based generators: 
thermal (5 sizes), electrothermal (up to 2 MW), and -quantum' 
types. President: Dr. Yuri S. Potapov, 277012 Kishinev, 
Moidova. Phone and Fax 011-3732-233318. 

Zenergy Corporation: Founded in 1996 to . facilitate^ the 
introduction of commercially viable energy alternatives. 390 
South Robins Way, Chandler, AZ 85225. Contact Reed Huish: 
602-814-7865, Fax 602-821-0967, e-mail: info@zenergy.com 

Note: The Fusion Information Center has been acting as an 
information source to many of these companies. We expect to 
augment our international service to provide contacts, 
information, and business opportunities to companies 
considering an entry into the enhanced energy market 



INFORMATION SOURCES 

Academy for New Energy (ANE) is a subsidiary organization to 
the International Association for New Science, which has 
specific goals directed toward the field of alternative and "New" 
energy research. 1 304 S. College Ave., Fort Collins, CO 80524. 
Tel. 970-482-3731 

ANE Newsletter, quarterly publication of ANE, providing an 
open forum for discussion, and disseminating newsworthy 
and inspirational information on invention and new energy. 
Edited by Robert Emmerich. * 

Advanced Energy Network Newsletter, quarterly, a reprint of 
articles and papers from other energy publications, with book; 
reviews and worldwide /conferee 

Network, P.O. Box 691 ; - Rondebosch 7700 Capetown, Rep. 
South Africa." '" ' •• r : v "' :: : 

"Cold Fusiorf, monthly newsletter, edited by Wayne Green, 70 
Route 202N, P^ereborougfy^ ■;■ 



Cycles, a R&D newsletter, published by Dieter Soegeraeier, 
Editor, GPO Box 269, Brisbane/ QLD.4001, Australia 
Phone/Fax: +61 (0)7 3809 3257. 

Electric Spacecraft Journal, quarterly, edited by Charles A. Yost, 
73 Sunlight Drive, Leicester, NC 28748. 

Fusion Facts monthly newsletter. Saft Lake Crty, UT. 801- 
583-6232, also publishes Cold Fusion impact and Cold Fusion 
Source Book. Plans on-line database access. 
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Many-body fusion reactions may take place during cold 
fusion. Heavy elements are observed that might have been 
produced by such reactions during electrolysis of heavy wa- 
ter. Elements such as sodium, magnesium, aluminum, and 
zinc are observed inside grain-shaped defects in a palladium 
rod used in a coldfusion experiment. 



liTROOUCTIOa 

This technical note describes two subjects: (a) an attempt 
: to cause explosive cold fusion by moving hydrogen through 
metal and (b) the observation of heavy elements produced by 
many-body fusion reactions. 

Reference 1 indicates that cold fusion takes place in the 
grain boundaries of a host metal by hydrogen chain reactions. 
If the concentration of hydrogen exceeds a critical value, 
direct cold fusion chain reactions can be ignited locally in 
bursts. When hydrogen atoms are forced to move in metal, 
they might be stored in layers between media with different 
structures or properties, and the concentration of hydrogen 
atoms in those places could be increased far beyond the crit- 
ical value. Thus, the hydrogen might be burned in bursts or 
very rapidly, i.e., explosively. 

On the other hand, the Nattoh model 2 has indicated that 
three- and four-body fusion reactions that produce lithium 
and beryllium, respectively, can take place during cold fusion. 
Furthermore, many-body fusion reactions that produce much 
heavier elements could occur under suitable conditions. Mi- 
croscopic observations of palladium metal used for a cold fu- 
sion experiment 3 have shown that as cold fusion proceeds, 
tiny spot defects grow into grain-shaped defects in which ma- 
terials disappear by extraordinary burning. The formation 
processes of the grain-shaped defects seem complicated, but 
it is highly probable that many-body fusion reactions take 
place to product heavy elements. 

In the grain-shaped defects, two processes may occur by 
which heavier elements, rather than direct fusion products 
such as helium, might be produced during cold fusion: (a) a 
many-body fusion reaction of hydrogen atoms or (b) trans- 
mutation of the host element. The first process produces 



heavy elements from light hydrogen atoms instantaneously by 
many-body fusion reactions or sequentially by absorbing hy- 
drogen atoms or electrons. This is similar to processes that 
take place to form cold stars such as the Earth. The second 
process produces elements with masses similar to that of the 
host metal by absorbing hydrogen atoms or electrons. 

EXPLOSIVE COLO FUSIOI EXPERMEIT 

An effort to produce explosive-cold fusion has-been at- 
tempted by moving hydrogen atoms inside palladium metal; 
and the production of heavy Elements has been examined. 

Hydrogen atoms were charged into palladium metal by 
electrolyzing heavy water (mixed with 3Vo NaCl). A palla- 
dium rod (5-mm diam x 46.4 mm long) was used as the cath- 
ode with a helical wire for the anode. The current was 0.8 to 
1 .0 A with a 5-V bias. Figure 1 shows the arrangement of the 
palladium in the cell. After hydrogen was heavily accumu- 
lated in the metal, the level of water was decreased to uncover 
the top of the palladium metal so that hydrogen could easily 
escape from the top of the palladium metal and an upward 
flow of hydrogen could be induced. This procedure was per- 
formed after a 19-day hydrogen charging period. A small-scale 
explosion occurred several hours later. (The same procedure 
had been tried twice earlier but with no explosion because in- 
sufficient hydrogen had been accumulated.) As a result of the 
explosion, an upper plug and a ceil cap flew out. This explo- 
sion was caused by a hydrogen chemical reaction; it is shown 
later that cold fusion contributed to heat generation. 

The palladium metal used for this experiment was exam- 
ined by an optical microscope, a scanning electron micro- 
scope (SEM), energy dispersive X-ray spectroscopy (EDX), 
and radioactive analysis. Gas in the metal also was analyzed 
by mass spectroscopy. 

RESULTS 

Figure 2 shows a flowchart of the experiment. The pal- 
ladium metal also underwent radioactive analysis; the results 
are reported in Ref. 4. 

Figure 3 shows an optical microscopy picture of a longi- 
tudinal cross section of the p a|| ari»im metal. It clearly shows 
that cold fusion has taken place violently near the surface of 
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Tig. 1. Arrangement of cell. 



the palladium. The surface layers seem to have acted as bar- 
riers against hydrogen escape so that hydrogen is heavily con- 
centrated under the surface. Figure 4 shows an interesting 
burn pattern: A series of grain-shaped defects are arranged 
along an inclined layer that might have prevented the upward 
flow of hydrogen. 

The gas contained in the metal was analyzed by mass 
spectroscopy before and after the electrolysis experiment. Be- 
fore the experiment, gas was discharged by keeping the pal- 
ladium metal at 800°C in vacuum for >10 h. It has been 
confirmed that the mass spectrum gives no signal except flat 
background. Figure 5 shows the mass spectra after the exper- 
iment, measured while increasing the temperature from room 
temperature to 775°C and keeping it at 775°C. Figure 5a 
shows the spectrum measured at 175°C while increasing the 
temperature; several remarkable peaks can be seen at masses 



2, 3, 4 and 6 in the light region and masses 17, 18, 19, and 
20 in the heavy region. Figure 5b shows the spectrum at 
T75 C measured -1 h later; the peak for mass 6 disappears 
Figure 5c shows the spectrum at 775°C -2 h later still; only 
the peaks of masses 2, 3, and 4 remain. 

Figure 6 is a SEM picture of a longitudinal cross section 
showing grain-shaped defects produced near the surface of 
the metal. The right side is a palladium region, and the left 
side is a copper region plated on to clarify the boundary of 
the surface. Pointlike analyses were made by EDX with SEM 
Figure 7 shows an EDX spectrum at point A in Fig. 6. The 
two main peaks at 2.84 and 3.00 keV correspond to charac- 
teristic X rays emitted from palladium. In addition to die host 
element, the very heavy elements of ruthenium and indium 
can be clearly seen at the energies of 2.56, 3.30, arid 3.50 keV, 
respectively. Reference 4 shows that the ruthenium and in- 
dium are produced by transmutation of palladium. This en- 
ergy, spectrum is standard here; similar patterns have been 
observed elsewhere over palladium metal. For example, the 
energy spectra at points of B, C, and D in Fig. 6 are almost 
the same. 

Figure 8 is an SEM picture of a grain-shaped defect in 
which the materials are left somewhat unburned. Figure 9 
shows an EDX spectrum at point E in Fig. 8. The energy 
spectrum is different from the standard one. It is remarkable 
f that elements such as silicon, sulfur, and calcium exist among 
f the materials remaining inside the grain-shaped defects; 

Figure 10 shows a SEM picture of another grain-shaped 
defect. Figure 1 1 shows an EDX spectrum at point F. Th<rel- 
ements sodium, magnesium, ajuminum, silicon, calcium, and 
copper can be recognized. ^ 

Figures 12 and 13 show SEM pictures of a radial cross 
section. Figure 14 shows an EDX spectrum of point G in 
Fig. 12. Figures 15, 16, and 17 show EDX spectra at points 
H, I, and J, respectively. The EDX spectrum depends not 
only on the grain-shaped defects but also on their position. 

Finally, the weight of the palladium metal was measured 
by an electric balance before and after the experiment; the 
values were 11.3497 and 11.3506 g, respectively, which are 
very similar. The latter value was obtained after gas discharg- 
ing; before gas discharging, the value was 1 1.53 g. 

0ISCUSSI0IS 

Explosive cold fusion was easily performed by moving 
hydrogen in palladium metal, and experimental evidence sug- 
gesting the occurrence of explosive cold fusion was observed. 
Although the explosion was caused mainly by a chemical 
reaction of the mixed hydrogen and oxygen gas, it is reason- 
able to consider that fusion energy has also contributed to the 
explosion by decomposing water. It is not clear how much fu- 
sion energy has been consumed to decompose water to hydro- 
gen and oxygen. Not only grain boundaries but also layers 
between media with different structures or properties could 
store hydrogen to induce explosive cold fusion. Multilayer 
materials might be more effective in increasing the power 
density. Explosive cold fusion ought be available as an ef fee- 1 : 
tive engine for vehicles such as automobiles. 

Cold fusion products have been sought using mass spec- 
troscopy, SEM, and EDX. It is remarkable that heavy eie-: 
ments have been observed by EDX inside grain-shaped" 
defects. The elements that have been recognized are neon, so- 
| dium, magnesium, aluminum, silicon, phosphorus, sulfur, 
' chlorine, argon, potassium, calcium, titanium, chromium, . 
iron, nickel, copper, and zinc. It is difficult to consider these 
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E « Electrolysis 




Fig. 2. Flowchart of experiment. 




Fig. 3. Optical microscopy picture of the top region 6f s tne palladium rod: (a) magnified 38.5 times* (b) expanded at point A, and (c) ex- 
panded at point B. 
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(a) (b| 
Fig. 4. Optical microscopy picture of grain-shaped defects: (a) magnified 28.5 times and (b) expansion of area indicated in the square. 
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Fig. 5. Mass spectrum of discharged gas: (a) at 175°C, (b) at 775°C 
-I h later, and (c) at 775°C -2 h later still. 
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Fig. 7. EDX spectrum for point A in Fig. 6. 
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Fig. 10. SEM picture of another grain-shaped defect (595 x). ' 3 ' iSSed)^ 1 Ptaure ° f a ^ «°» 0*»x. im- 
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Fig. 16. EDX spectrum of point I. 




Fig. 17. EDX spectrum of point J. 



Fig. 15. EDX spectrum of point H. 



elements to be impurities. It can be concluded that these el- 
ements have been produced by many-body fusion reactions 
instantaneously or sequentially, as predicted by the Nattoh 
model. 2 The materials remaining inside grain-shaped defects 
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have extremely different mass distributions, which suggests 
that the distribution might depend on how much many-body 
fusion reactions have occurred. No dements heavier than zinc 
have been observed up to the present. Since fusion reactions 
that produce heavier elements have negative reaction energies, 
it is difficult to produce them at a high rate. It needs a higher 
burning rate. 
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Strange petals have been observed around the grain- 
shaped defects, as shown in Figs. 6. 8. and 10. Tnese had n« 
been seen in earher observations^; the etching process ap- 
phed might have washed them out. The petals mjhictms* 

of dements h^terth^ sodium because the ED^emuled 
here cannot be applied to elements lighter than sodium 

^1!!??"^ discharged gas shows that light el- 
hTv!^ '^ e< ^f° fmass 2 - 3, 4, 6, 17, 18, 19, and 20 
have been produced. These can be classified into two groups: 
(a) those mth .masses of 2. 3. and 4 and (b) those withXS 
of 6, 17. 18, 9, and 20. The former have been produced^ 

^nrL^ " Bd ^ *»" near *« surf **- The pJotaWe 
denufications are shown in Fig. 5. However, all these iden- 

ufications are not definite as there are multiple candidal". 

An EDX analysis applicable to those light elements is now 

planned. 

Although clarifications are still needed in the light ele- 
ment region, it has been verified that heavy dements such as 
titanium, iron, and copper can be produced directly by dec- 
trolyang seawater. These materials are by-products of energy 
KeSe ^ nUdear «* «pected 
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Concerning Reproducibility of Excess Power Production 

■ M C H. McKUBRE, S. C^IJCH-BAKER, HAUSER, 
S:L SMEDLEY, F. L. TANZELLA, M. S. WILLIAMS, S. S. WING 
SRI INTERNATIONAL 
Menlo Park, C A 94025 (USA) 



Afestr^ct """" Z'"-''hi'jU ~ '. " ~ ~ ; 

An ^pifent irreproducibility in the production of an, as yet, anomalous excess 
power from Pd cathodes electrochenucally loaded with D can be associated with 
irreprodudbiKty -p attainment of several necessary starting conditions. Of these, the 
threshold loading 0/Pd atomic ratio) has received the most attention, A statistical 
analysis is pt^nted;of the results of 176 experiments intended to test the means of 
establishing mftmdudhle control over D/Pd loadin A set c f variables are examined, 
and procedures Identified which permit the attainment of loa iing above the threshold 
necessary for excess heat production. / y 

Calorimetric results from two experiments are presented and analyzed. A 
mathematical function is identified which correlates closely with the time evolution of 
excess power. An important element of this correlation is the measured rate of change of 
the cathode resistivity. We have interpreted the resistance change as indicating the 
presence of an oscillation or "breathing" of the cathode loading induced by a flux of 
deuterons through the cathode/electrolyte interface. 

The observed functionality of excess power with deuteron flux above a loading 
threshold, conforms closely with theoretical predictions. 



1. Introduction 

Six years have passed since publication of die defining paper of Fleischmann, 
Pons and Hawkins. 1 In this time, scientific progress has been made to resolve issues that 
were quickly, and easily, anticipated. The resolution of some important issues has been 
accompanied by a slow, somewhat unsteady, but certain growth in the field of science 
which has come to be called "cold fusion". 

v;- At the tim<Fbf^ 

that :thie field revealed situation has 

come about becali^ challenging prbblems: 



reproducible starting conditions for comparative experiments. 

ii) , Scarcity of energetic (nuclear) products. It is quite clear that the 
nucl(^ pj^duct(s) quantitatively with excess heat, if there 

is is TOf^ energetic pa^ 
' * this makes thbsearch very difficult 

In this paper, an attempt is made to address the first of these difficulties, with 
specific attention to the reproducible attainment of positive heat excess in the D/Pd 
system, under electrochemical conditions. 

2. Necessary Conditions 

We need fi^^tb identify the eijferimental starting condition thought, or observed, 
to be associated the phenomenon under study. In a series of papers SRI^ 7 and others 8 * 9 
have attempted to define aind qua ntify the variables associated with apparent excess heat 
producfiofu T^ "* /{i " ~ ~" "; "" 

i) l^^^h^D/Pd loading seemed, at the outset, to be a likely 
controlling variable; this has clearly been shown to be the case. The loading is relatively 
easily measured; the attainment and maintenance of high loading (D/Pd £ 0.9), is not 
easily controlled. Independent experiments at SRI 4 aiid-IMRA- Japan 8 have demonstrated 
a roughly parabolic functionality between excess power and loading above a loading 
threshold of D/Pd - 0.84 ± 0.02. la order to achieve a rpreciable (and measurable) power 
excess, loadings much higher than the thresholdlafe ne tded (D/F a > 0.9 and preferably 
>0.95). Several other factors also are necessary. 

ii) Current Density, In an electrochemical experiment, current density affects 
loading. In addition to this expected, but complex, functionality, the interfacial current 
density also directly affects the rate of excess heat production. In experiments performed 
under nearly isothermal conditions at nearly constant loading, a linear dependence of 
excess power is observed with increasing current density above the threshold value. 
Unlike the loading threshold, the current density threshold displays considerable 
variability ranging from - 100 to - 400 mA enr 2 in different experiments, or in the same 
experiments, at different times. 

iii) Initiation. Many authors have reported ^ delay in the onset of excess heat 
production. Even after the loading and current density thresholds have been useftdly 
exceeded, excess heat is (generally) not observed until a significant time has elapsed, on 
the order of 300 h for 1-4 mm dia. Pd wires. It is apparent that some initiation process 
must occur, presumably within the Pd lattice. At this stage, the origin is unclear. 

iv) ^ Disequilibrium. It has long been mspecteri that a flmr nf A™**™™ atnmc 
through the interface is needed in addition to high deuterium atom loading, to produce 
measurable excess power. Recently theoretical arguments have been advanced to support 
the conjecture that flux, combined with high loading are necessary for excess heat or 
nuclear product formation. la this paper, we present experimental evidence of this, atod'^ 

: attempt Quantify theroleofffi^ power production.: ri^ 



• • 3; Loading ■ • 

The Mninent of liigh D^d loading is critical to the appearance of excess power. 
We previously;ha^;pr^ted ^dence^ every case that we have observed in a 
G ^^^^^^^^^^i0^m loading of D/Pd £ 0.95 while meeting 

^f^^^^^m^med^ 0). For cathodes achieving 
maximum lpatogs aSK) s:D/Pd ^ 0.95- approximately half exhibited P*. > 0 Inoriv 
one case for^Mchithe •ma^um foadmg ^ less than 0.90, have we observed P„ > 0 
This case ; w^:be;dSsc|^d.later. in tfiis? paper, as it is instructive. 

AttammMbf ^tjiese high loa^gs; while clearly critical, is neither usual, nor can 
it be achieved reprOducibly. An. analysis is presented here of the results of 214 
experiments, both loading and calorimetric, representing 200,416 hours of experiment 
operation (or 23 experiment-years). All experiments employed Pd cathodes, and loading 
was measured using a four terminal resistance method. 3 -'.™ & 

From this set of 2l4 experiments; the data'from 38 have been excluded by reason 
&?L T ? sl stanc ? M eaCTiement, premature failure, or suspected compromise, leaving 
177;640 hours^frehabte^ata; (20«^rmWnt-years). The fbllowing Tables show the 
material sources; electrolytes and additives"employed. 



Table 1. Metal Sources 

Engelhard 

32* -Engelhard Lot #1 AE 1 

Engelhard Lot #2 AM 4 

Engelhard Lot #3 .- IB 4 

Engelhard Lot #4 JM 40 

Engelhard Lot #5 NL 5 

Engelhard 1mm ZR 1 

* Number of experiments 

* AECL Atomic Energy of Canada Ltd (Cast, High Purity) 

TNRL Naval Research Laboratories (High Purity). 30 and 600 u grain sizes 



El 
E2 
E3" 
~E4 
E5 
E- 



24 
38 

4 
15 

6 



Various 
AECL** 
Aithaca Metals 
Ingot Bloci - cast 
Johnson Mjuthey 
NRLt ia 

Zone Refined 





Electrolytes 




3 


0.5 D2SO4 


D 


6 


0.5 Li2S04 


D 


158 


l.OLiOD 


D 


2 


0.3MLiCl 


D 


1 


O.lMLiOD 


D 


1 


0.5 Li2S04 


H 


4 


LOLiOH 


H 


1 


O.lMLiOH 


H 



Table 2. Electrolytes, Additives and Variables 



Additivestt 


71 


None 


68 


Al 


10 


Nittt 


6 


B 


6 


Cu 


6 


Poison* 


3 


Si** 


2 


Be 



Variables 

Additive 
Annealing 
Cathode machining 
Diameter 
Experiment length 
Metal source 



* Additional series of experiments were performed specifically to test the effects of classical hydrogen 
recombination poisons and the effect of their concentrations. The results of these have not been included in 
tins data set 

All experiments were performed in quartz vessels and/or with quartz structures to the electrolyte Si 

^ toer^ ^ For these three cases, additional Si 

was added as Si^disso^^ 

Jt For the 176 c^ &^ were ~200ppm 

* ' ' These 10 experiments employed Ni anodesnot additives. 




Each experiment has been charactenzetf by the maximum loading attained by the 
cathode, at any time during (the experiment (the average experiment length was 1009 
hours). Twelve approximately equal groups were defined, according to the mean 
loadings shown in Table 3. An exhaustive analysis of these results is presented 
elsewhere. 11 Ttepurposehere^ attention on those variables that strongly 

influence loaa^^ 

The resultsin Table 3 slibwigrekt dispersion; with a significant number of 
experiments achieving a maximum: loading of only 0.74 (just beyond the maximum in 
R/R°), while an equal number appi^nfly exceed 1.0 (R/R° £ 1.5 on the right hand side of 
the maximum). At this point-it iisrwdrth remembering that the experiments analyzed here 
represent our "best efforts" to attam high loading; 57% of all experiments reported in 
Table 3 achieved our stated target of 0.9. 



Group Mean # 



Table 3L Maximum Loading 
Quartile Group Mean 



# Quartile 




1 
2 
3 
4 
5 
6 



0.74 
-055 
0.83 
0.87 
0.89 
0.90 



14^: 


4 


7 


0.92 


13 


2 






8 - 


-0,93 


• -1 


2 




S:4-__. 


9 ~ .. 


.0.94 


15 


2 


14 


3 


10 


0.95 


13 


1 


13 : 


3 


11 


0.96 


16 


1 


16 


3 


12 


1.02 


14 


1 



We are interested in the variables, of those examined, which affect the attainment 
of high-loading. We have divided the results into quartiles. Very roughly, v ? are 
interested in the cone&tion 6etween"the experimental variables, and attainm mt of the 
first (preferably) or first and second quartiles. In Table 4 we indicate the variable, the 
number of experiments in that set, the percentage attaining the first qu&tile, and the 
percentage attaining the first or second quartile. 

Table 4. Variables Affecting Loading 
Quartiles 



Pd Lot Variation: 


# 


first 


First or Second 


El 


32 


53% 


78% 


E2 


24 


29% 


67% 


E3 


38 


26% 


42% 


Not{El,E2,E3} 


82 


. 12% 


38% 


E5 


15 


13% 


80% 


JM 


40 


18% 


35% 


Additives: 








Al 


68 


34% 


57% : 


Ni 


10 


0% 


0% 


None 


71 


17% 


48% 


Physical Variables: 






77% 


Machined 


39 


36% 


d<0.25 cm 


42 


14% 


26% 


t>1009h 


70 


34% 


63% 



Table 4 reveals a striking variation between Pd samples, even in lots from the « m <. 
manufacturer. For Engelhard Lot#l 33 * lo^ inioVfi^^^ 
reached the. first two quartiles.. Whatever property this material had (or^ticSaw it HiH 



For various samples from Johnson Matthey (JM), the pattern is not so clear rm 
f^ ^ m 5 te ^rfonned poorly (although better maiX ^p^t^eSt 

J^npfS^f ^f 16 eff6Ct * S ^g and deleterious. Theset wiSnf 
{None} loaded less well, on average, than those with deliberate additives. 

In the final category, strong effects are seen for machining; cathode Jiameter and 

" ivPSSS??^- ^^by a cuttmg tool, m a km^ In this process, 'SSSSk : " 
1/8 or 3mm diameter) cathode was reduced by - 0.1mm (respectively to 3mm^2 8mm 
diameter), inj single pus of the cutting tool. This process appears to b?beS^in 
removing surface inclusions and mechanical defects, and in promoting loadkg 

In bur e^riments, smaller diameter wires (d < 0.25 cm) have not loaded on 
average, as well as cathode 2.8 mm in diameter and larger. It should be noted&a't none 
of the smaller diameter wires were machined prior to electrolysis 

_ The final variable, duration of experiment, needs to be interpreted with care 
Experiments longer -than average (t > 1009 h) correlate with high loaSng This Sects 
two factors Cathodes which initially load poorly (fourth quartSe) tend lot to^sloS 

• '25525 °l mg f0U0Win ^ Strippin S or che ^aJ [addition Tand^e P 
expenmente often were terminated early. Cathodes which initially oad at East into the 
ti^ quar^e, often display increased loading after anodic stripping 2ycl£ wkh or 
without chemical addition. This improvement may continue iH several sequential loading 
cycles, each of which may require 200-400 hours. Such experiment Sendto be tonger § 
than average and to result in better than average loading. g 

4. Metallur gical Variables in Loading 

. It is clear fronx Table 4, that the metal, itself, plays a role m determining the 
SSft ^ e ^ ht P^asa hypomesis,Aata diffi^^ 
reproducible starting conditions, in this case threshold loading, is due in large mrtto an 
uncontrolled variable contained within the Pd stock. Anticipating this poSw mV?76 
cathodes analyzed in this paper were all prepared from modLteto Mgh p^ty Pd 
were subjected to a simflar annealing process (800-850°C for 2-3 ho^m tow b " AT 
vacuum, or D 2 gas). With, only one or two exceptions, all were etehed whh Zua relria 
(appropriately hght or heavy) afer macniimig and amiealmg. These?^ 
mended to ^ ^ caSSSelS : ~ 

significant variability was encountered between and within Pd lots 



. Se^erdin>|!Mtont questions are raised in this analysis: 

:;--i^s^^S^Ste characteristic of a "good" material? 
; '''••;-2i^M8i?p:cpntrol this parameter to yield consistently 




-'^e^iplb answer some of these questions by further analysis of our loading 
date ba^Bbmiimii^able.4 we see that the parameters ■. ^of^^m^t^aeM of 
Mg^l6^unelre1|Meu^^urce; Machining; {Anhealmg}; {Etchmg};{lM UOD} + Al 
adfen^^a^^ieter employed, but hot tested statistically.; At this ppm£ it is worth 
nbtm^lnUfiH^ variable, the presence of dissolved silicate in spMon^has also not 
been- 'iSSfttfra^t Previous experiments 12 have indicated that Si is critical for the 
.ttri p^g^^ ^i^iiiig- In all of the experiments described here tois species was 

:3^j/^^SS^mpo» a "best" procedure to achieve loading; based on the set 
of paramete^^cam^. this procedure one would: 

[ty detect ^suitable material ] 

lO^sS^ch^.the outer surface to remove surface inclusions and damage. 

2) at low oxygen partial pressure, in the temperature range 
: " i^^^^p850?'G for 2-3 hours. - , y 

3) |Etcji?c^ode (plus Pt contact wires) m freshly prepared^^ 

regi^ for 5-10 seconds. ' *' 

4) Mectrblyze in 1 M LiOD, freshly prepared (in a H2O free 
"envirjonment), by the reaction of D2O with high purity LL 

. 5) After electrolyte preparation, and shortly before electrolysis, include 
m the dectrolyte a small piece of high purity Al foil, sufficient to 
yield 200 ppm when dissolved. 

The results are shown in Table 5 for experiments in which this enumerated 
procedure was followed. 

Table 5. "Best Procedure" for Loading 
# Quartiles 

Procedures 1-4 (No additive) First First or Second 

El 11 27% 55%. 

E2-4 6 33% 83.% 

■Other 10 10% 80% 

All: 27 23% 69% 

Procedures 1-5 (Al additive) 



small, a cb^pal^'aCi&CB^~'yf^ia^''iiie addition of Al, Procedures 1-4 show a small 
benefit for the Engelhard samples but no significant effect for other samples. In the 
presence; of Al, however, foUowmg Procedures 1-5 yields a striking and useful resultfor 
Engelhard sampjes, and a beiieficMeffect for all metal samples. 

iWe cannot generally asseiss u^. influence of machJning^s all El samples were 
machined befpre.use. Procedures 2-5 (with Al, no machining); results in m significant 
improvement in maximum loading for the set of Engelhard samples {E2-4}. 

From me analysis presented here, one may conclude that surface machining and 
the addiuon of Al to the electrolyte hoSh are important in concert but that neither has a 
strong influence/alone. This concerted action, or synergism, benefits both the "good" 
loading materials, specificaUy early Engelhard Lots, and other generally more difficult to 
load Pd samples. In the light of this discovery, we must focus attention on the underlying 
mechanisms of loading, in order to reveal the hidden variable which influences the 
reproducibility of loading. 



Si Other I ssues of Reproducibility 

The D/Pd loading is clearly a critical element in attaining the conditions that have 
been shown to be necessary for excess heat production. In the past six years, the issue of 
loading, and its reproducible attainment for both the D/Pd and H/Pd systems, has been 
studied extensively and with renewed vigor. Our understanding, however, remains poor, 
furthermore, other parameters have been shown to be critical for the reproducible 
attainment Of excess power: interfaciat current density; time-delay or initiation. In 
neither case is the role of these variables, or the process(es)-that they engender, 
understood. Either may contribute significantly to an (apparent) irreprodudbility of 

' ■ ■ 

Recent experimental results have indicated a significant mathematical correlation 
between the rate of excess heat production, and the rate of change of thePd cathode 
resistance. This effect, if not monitored, may constitute another important factor in . 
(apparent) ^reproducibility. If monitored and understood this phenomenon may yield 
information about fundamental processes and the underlying mechanism of excess heat 
production. 

We measure cathode resistance, using a four-terminal method 3 - 7 - 1 ^ to monitor 
D/Pd loading. Two parameters importantly control the/esistance of palladium: 
hydrogen isotope loading, and temperature. In the experiments to be discussed, we 
observed a periodic variation in Pd resistance with fundamental period - 2 hours 
(- 1(H Hz), the amplitude of which appeared to correlate directly with the magnitude of 
the excess power being measured simultaneously in a mass flow calorimeter. 6 ^ 

If we accept that R/R° and Pxs both are measured accurately, then, as an 
explanation for this correlation we offer two hypotheses: 

i) The observed excess heat is sourced at one or more small regions within 
the cathode. Because of the small volumes, local heating of the camode produces 
resistance fluctuanonsvwhichf^;(^senred at etBctively constant to^li%^iFuW^^ ;r 
hypothesis; the excess pb^^i^m^'Caiise", and the resistance the "effect"/ Periodicity of 
the resistance (perhaps mducetf by local de-loadihg following local heating) should be 



^ ass^ with the same frequency. 

Such an effect is indeed, observed 

ii) One can propose an alternative hypothesis in which resistance fluctuations 
reflect the "cause^with ^ ex^& power the "eff^dt^^tJnless the source of excess heat is 
^extier^^ (1-5 W cm* 3 ) one 

%wri^ resistance 
Vamtipn. In wWch dase one must look to a cl^ge In loading to cause a change in 
resistance. Bulkloadmgcl^ 

<^ is accompan^tby aflux of deuterons orthogonal to, 

and through the interface. The rate of change^fi^ajge loading (8x/8t) is thus related to 
the deuferon flux. ' : 




i 



There has been a suggestion 13 that, abovefaimtical loading threshold, the rate of 
excess heat production should be related to the^^^n flux (/.^ - 5x/8t). For this ;f 
reason we have chosen to ^analyze our data infteii^^ hypothesis (ii). It should, 
however* be remembered thai; an alternative h^ptHesis exists which is consistent with the \:£f£t 
ejqjferimental evidence so far Obtained. > : > % • 1 



i 
i 
i 



6, Results 

Figure 1 presents the current density, loa(Bng' ^nd excess power, measured by the 
methods previously described, 2 -? for a 1 mm dia^^J^cm long Pd cathode. The palladium 
was obtained from Johnson >fetthey v of ^horizontal 

"lasso"; and annealed by our norinal procedure.? if^S&trolyte was l.OM UOD 
containing 200 ppm Al at the outset Suffident ^ided, dissolved in LiOD, 136 

hours before the data shown in Figure 1, to make the concentration^ 3 ppm in the 
electrolyte. ' ' y 

Figure 1 shows, initially, the normal response of a cell producing excess power: 
Pxs rising with increasing current density and loading. above threshold values. After - 2 
days, however, the characteristic of Pxs at constant current density and (generally) 
decreasing loading, is unexpectedly dynamic. Furthermore excess power was observed in 
this cell at an unusually low maximum loading (D/Pd « 0.88). 

Examining closely the loading plotted in Figure 1 we see that this too is ;; I 

unexpectedly dynamic. For the first and last 24 hours shown, the amplitude of the : ' 

variation in x is small, in the period around 608 h intermediate, but for the rest of the time 
the average loading shows a significant variation about^the mean, with standard deviation 
- ± 0.002. These periods of greater dynamism in x correlate with those for which 
Pxs>0. 

Figure lb shows in detail the period of transition between low and modest excess 
power after 608 hours of electrolysis. While the frequency of the oscillation in loading 
does not change significantly, during the time of increasing P^ (at t > 620h), the 
amplitude of this oscillation increases by a factor of 3 or more. When converted to a flux 
the rate of change of net loading could be accommodated by an adsorption and desorption 
current density, of ~ 0.1 - 1 mA cm* 2 .. 
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Pxs.test = W 

The term I5^%t jassim to be independent of sign, and gives no 

v weight 'to a st^ M, was determined to be 

; ;2;3 5 xiW to equal energy. The 

-ti^ the correlation between these 

two functions^ 2, the correlation coefficient, r = 

0.854, with x 0 ip : 832;ahdi^ 

A value of 0-854 ^ power is related linearly to 

our test functicm. (the test function is not complete) or 

the coefficients may hbtbe precisely ri^t ^ihe component variables strictly 
independent (the test Miction is not com^ejijy correct); this is nevertheless a remarkable 
degree of correlation when the approximations and implications involved in generating 
the test ftmction are coiisidered BSV • 

A factor nottak^i^q account m llel^ple correlation function is the possibility 
of temporal dispkcenra^^ 

is W generating iuhcti our test 

function is caiisalY tlie^ with respect td P*s.test(tX 

and to have large ^phtu&^g^ Close 
inspection of Figure 2 reveals ^ that this may iideed be the case; an analysis of the cross 
correlation function will be presented elsewhere; together with a more rigorous 
description of the treatment of the variable I6x/8tL 

Important questions are raised by the apparent success of our test function: 

i) how generally applicable is this function? " s 

ii) is the function predictive or responsive to other (possibly hidden) 
variables? 

iii) can the function be used to explain the appearance of excess power 
in some experiments and its non-appearance in others. 

iv) can the function variables be used to induce controllable excess 
power? 

v) what can this function teach us about the phenomenon under test? 

On the question of general applicability, we are limited in our choice of 
comparative experiments. It would be desirable to select reference experiments having 
the same cathode geometry and dimension as the M4 cathode. Very few of our 
experiments have been performed with 1 mm wires, and none, previously, with the 
"lasso" geometry employed in M4 In practice, we areiabre constrained in our choice by 
the need for high data quality in resistance measurements, so that random measurement 
errors are not introduced into the values of 8x/8t Simply because the signal-to-noise 
ratio for 1 mm wires is better than the 3 or 4 mm diameter wires more typically (and 
successfully) employed, we are reduced in our selection of comparative experiments to 
one only: CI. 

Experiment CI has been described previously. 4 Figure 3a presents the loading 
and current denatyjkta^ M4, the loading infeir^ v 

from themeasn^ wttti :tuS£ 
at low current den&ty^ ramp, - Some time after initiation 

of the current ramp, an oscilfc^ which builcLs in amplitude. Figure 3b ; 
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sl^ of 444 h. While generally increasing with 

increasing current density, before 442 h the loading shows small fluctuation. After ~ 
442h the loading exhibits a superimppsed somewhat sinusoidal oscillation of period ~2h, 
as Seen for M4. Perhaps sig^iificantly, the rate of increase in loading with increasing 
current density decreases at jthis point, suggesting the initiation of a transient de-loading 

on the steady istate loading. 

d^Hjjure"4 shows the excess power measured during CI; ramp 1, compared to the 
test function emplbyed previously for the M4 data (Figure 2). In this case, the value of 
v was ^ the same as previously used for the M4 data (0.832); this value is 

also consent with the number found by direct regression of Pxs vs. (x - x 0 ) 2 . The 
m&imuni ^ correlation is, however, found with a significandy lower current density 
threshold for CI (0.1 A cm" 2 ) than for M4 (0.4 A cm -2 ). For the two data sets shown in 
Fi^ure'4, the correlation coefficient r = 0.94, with x° = 0.832 and i° = 0.100 A cnr 2 - This 
correlation suggests that 88% of the function Pxs.test(t) is reflected linearly in Pxs(t). 

7. Discussions and Conclusions 



;3;i^We:M correlation between excess powered the 

product -cff three variables: the excess current density, (i-i°); the excess loading, squared, 
(x-x 0 ) 2 ; the rate of change of the Pd cathode resistance. While we have demonstrated this 
correlation only for two experiments, M4 and CI, we have no reason to suppose thkt this 
correlation is riot general In one of two possible interpretations we have associated the 
rate of change of resistance with the rate of change of cathode deuterium loading, 5x/5t 
at constan* temperature. - 

In >erms of the "excess" parameters, there is little difference in the maximum value, 
(iimax - i°) between experiments M4 and CI. Although the threshold vkltie for M4 is much 
higher, the current density obtained in experiment M4; ramp 3, also was higher, and the 
exponent of 1 makes this not a strong variable. A significant difference does exist in the 
maximum "excess loading" variable, (x max - x 0 ) 2 Due to the higher loading attained, this 
variable for CI exceeded that for M4 by nearly an order of magnitude. 

This latter observation is exceedingly important Assuming that we can, as seems 
reasonable, use our test function as a predictor or, at least diagnostic for P^, then we need 
to pay close attention to the variables which give rise to large increases in the magnitude of 
the test function. An order of magnitude is the difference between indiscernible levels of 
excess power (~ 50 mW), and an interesting effect This focuses attention on the need to 
obtain loadings as high as possible, above the threshold, as the parabolic dependence has 
greater power in amplifying the effect ? 

In the M4 and CI experiments, the observed excess power densities and excess 
current densities were very similar. In order to achieve this result in terms of our 
multiplicative test function, the order of magnitude lower excess loading in M4 must be 
compensated for by a similar increase in the flux variable, 5x/8t In terms of hypothesis 
(ii), therefore, it is only the adventitious presence of a large deuteron flux that has promoted 
the excess power in experiment M4 from an insubstantial level at the low maximum 
loading achieved, to significant levels. 

-^^^ ^ attempp^^ " : 

made to mammire 8x/8t Quite the contrary. Both ^ experiments were operated at constant 
(or slowly:changing) currents, temperatures, and; gas pressures; the three variables most - ; . 




, •**■•'■-.■-. 



likely 'to fluctuation in loading did occur, and ih both cases it was 

significant and yarfed, occurred apparently spontaneously; we observed the effect, we did 
not control it ^ 

^^(e^t^^^pv^ hypothesis is correct, it may prove advantageous to understand 
Kthe ipl^i^j|^ the means by which this can be stmg^ de- 

' loading as^ It ^m^ls^ understand the phenomenon of excess po wer generation. 

To this pcimt we have treated the data statistically, and empirically. The 
fimctionalij^^ power test function can, however, be discuss^ in terms of at 

least b^.0§^Sl^iad5- : proposed for "cold fusion" phenomena. Hagelstein 13 has 
proposed that a ^ pfipnpn laser operates to initiate solid state neutron transfer, and to couple 
the nuclearjenergy produced, to the lattice, as heat The details of this model are 
presented in ^ and in preceding papers cited therein. This model makes two 

predictioh^that are; Relevant in the discussion: " 

<0^Mos&ip6^6t will be observed at deuterium loadings below that 
? ^^p^the partial molar enthalpy change for desorption becomes 



_, . . . ii) r heat release (excess power) will increase ; with the 

The disVltlueishold) criterion establishes the point at which a phonpn laser may 
begin to operate; In an accompanying paper 14 we have attempted to define deposition of 
this loading threshold based on literature data for the Pd-D system. By extrapolating the 
literature data at lower le adings, we estimate that the threshold value for the exothermic 
desorptio.i of deuterium *rom palladium to be 0.83 < x° £ Q.85. A value closely in accord 
with our observed value of x° « 0.832. jS 

The second (flux) criterion is associated with the rate of phonon excitation. This 
flux can be measured as the rate of change of the average loading; in the Hagelstein model 
only the desorption flux plays a role. In our empirical function we have employed I8x/5tl. 
For a symmetric loading/de-loading cycle (z.e. no dc term) the average value of I8x/8tl is 
simply twice the average value of the desorption component alone, so that our observed 
correlation would be unchanged, and consistent with the Hagelstein model prediction. 

A great deal more needs to be said about our results, the correlation analysis, and 
the relationship of these to the Hagelstein model predictions. We need to consider the 
time-scales of the various processes, the relationship of the observed transient net flux to 
the atomic scale process of a heterogeneous surface, an£ any possible role that a steady 
state flux may play. A related topic of importance is the relationship between the 
endothermic/exothermic transition surveyed by Crouch-^aker 14 to the phonon laser 
threshold predicted by Hagelstein 13 , particularly as these affect the onset of thermal 
positive feedback, observed calorimetrically by Pons and Fleischmann. 15 

Despite our incomplete understanding, we are encouraged to see, perhaps for the 
first time in this field, the suggestion of a synthesis and consensus of theory and 
experiment 
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